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CHAPTER I

INTRODUCTION

World demand for protein has increased the need to use feed protein
efficiently. Our understanding of ruminant protein and amino acid metabolism has
increased tremendously since Loosli et al. (1949) and Duncan et al. (1953) first
reported that rumen microbes can synthesize all the essential amino acids from
non-protein nitrogen (NPN). During the 1950s (Weller et al., 1958) and in the
1960s (Oltjen, 1969; Virtanen, 1969), dietary N source was generally regarded as
irrelevant for ruminants, since microbial protein synthesis supplied sufficient
quantities of amino acids for most levels of production. However, increasing the
supply of protein or amino acids post-ruminally could increase N retention and
amimal performance. Chalmers et al. (1954), Egan (1965) and Little and Mitchell
(1967) demonstrated that N retention was increased when casein was infused post-
ruminally. Hence, ruminants will respond to an increased supply of post-ruminal
protein. Schelling and Hatfield (1967) reported that N retention was increased
when methionine-supplemented casein was infused abomasally into lambs. Tagari
et al. (1962), Sherrod and Tillman (1964) and Glimp et al. (1967) successfully
increased N retention or rate of gain by heating soybean meal to reduce its
degradation in the rumen.

In response to these research results, one objective in protein nutrition of
ruminant animals became to increase ruminal escape of high quality feed protein
while maximizing bacterial protein supply to the small intestine (Owens, 1978).
Understandably, the methods to achieve such goals became complex.

Manipulating ruminant protein digestion can boost the efficiency of feed use by



ruminants and could increase the value both of inexpensive NPN sources, like
urea, and of protein sources which escape ruminal digestion.

The protein requirements of high producing dairy cows are high. Cows must
absorb large quantities of amino acids from the small intestine to meet the needs
for milk protein synthesis, body tissue maintenance, gluconeogenesis, and fetal
growth. During peak lactation, the quantity of amino acids absorbed from the
small intestine may not be adequate. This restricts milk production and causes
the cow to mobilize protein stores to meet the added need. Hence, much research
has attempted to maximize the quantity and quality of protein reaching the small
intestine for absorption to increase milk production (Netemeyer et al., 1982). For
growing animals, as well, increased rates or efficiencies of growth have been
observed when protected protein or protein slowly degraded in the rumen has been
added to diet (Thomas et al.,, 1979; Stock et al.,, 1981). Besides increasing
productivity, increased escape should reduce feed costs by increasing the potential
for NPN use. Most bacterial nitrogen passes through the ammonia pool in the
rumen (Pilgrim et al., 1970) so it 1s most efficient and cost effective to meet the
nitrogen requirements of ruminal bacteria with NPN when a protected or slowly
degraded protein 1s fed to increase the supply of high quality dietary protein to
the small intestine. Supplementing a diet containing a high proportion of escape
protein with NPN may be essential since, otherwise, ruminal bacteria can be
starved for ammonia.

Infusion of casein or amino acids post-ruminally has increased milk
production by 1 to 4 kg per cow per day (Clark, 1975a). Since post-ruminal
infusion is not practical for application under field conditions, other methods to
Increase protein escape have been investigated. These include: 1) encapsulating
amino acids with resistant coatings, 2) supplementing the diet with amino acid

analogs, and 3) chemically or physically treating dietary proteins to reduce



ruminal degradation (Broderick, 1975; Clark, 1975b). The use of amino acid
analogs and protected methionine 1n dairy cattle diets has been extensively
investigated with emphasis on feeding the hydroxy analog of methionine (MHA).
Dietary supplementation with MHA or ruminally protected methionine has
produced little or no increase in milk yield but often has increased the percentage
of total solids, fat and protein in milk (Clark, 1975b; Yang et al., 1984).

To increase ruminal escape of dietary protein, one can formulate ruminant
diets using feed ingredients low in protein solubility (Wohlt et al., 1976; Braund et
al., 1978; Davis, 1978; Majdoub et al., 1978). Feeds low in protein solubility tend
to be degraded less extensively in the rumen (Satter et al.,, 1977). Though the
relationship is far from perfect, milk production has been increased when cows
were fed diets low 1n protein solubility in some studies although results have not
all been positive (Davis, 1978; Ahrar and Schingoethe, 1979; Netemeyer et al.,
1982). In these studies, milk production may have been increased either due to a
reduction in the soluble nitrogen content of the diets or because of alteration In
other dietary factors such as levels of non protein nitrogen or soluble
carbohydrates and levels or patterns of dietary or bypassed amino acids.

The objective of this dissertation was to evaluate the impact of soybean
meal protein solubility on milk production, milk composition, and ruminal
degradation. This thesis work was designed to determine the extent of ruminal
proteolysis, ruminal fractional passage rate and production response to several

modified soybean meals incorporated into diets for lactating dairy cows.



CHAPTER II

REVIEW OF LITERATURE

Soybean meal protein degradation and utilization by ruminants has been an
active area of research. Investigations with ruminants have employed 1n vitro, in
situ and in vivo measurements. This review will discuss nitrogen metabolism and
the potential for protecting dietary protein from microbial attack in the rumen.
Next, methods to alter the site of protein degradation will be discussed and finally
recent trials evaluating protein solubility of diets for lactating dairy cattle will be

reviewed.

Nitrogen Metabolism i1n the Rumen

The nitrogen in most feedstuffs consists largely of protein-N with small
amounts of NPN. Nitrogen enters the rumen in feed and saliva and by transfer
across the rumen wall (Hogan, 1975). Plant proteins vary greatly in structure,
amino acid composition, solubility and susceptibility to ruminal degradation.
Degradation of protein in the rumen by the bacterial and protozoal populations
can be extensive. Proteins are hydrolyzed by proteolytic bacteria and constituent
amino acids are deaminated to ammonia, short chain fatty acids, and carbon
dioxide (Tillman and Sidhu, 1969; Allison, 1970). Many factors including protein
solubility, method of processing, ruminal pH, rate of passage, and feed intake
level can influence either the rate or extent of degradation of dietary plant
protein in the rumen (Clark, 1975b; Satter et al., 1977).

Sources of dietary NPN include all nitrogenous compounds which are not

proteins such as amino acids, peptides, amides, amines, ammonium salts, nitrates,



ruminants and could increase the value both of inexpensive NPN sources, like
urea, and of protein sources which escape ruminal digestion.

The protein requirements of high producing dairy cows are high. Cows must
absorb large quantities of amino acids from the small intestine to meet the needs
for milk protein synthesis, body tissue maintenance, gluconeogenesis, and fetal
growth. During peak lactation, the quantity of amino acids absorbed from the
small intestine may not be adequate. This restricts milk production and causes
the cow to mobilize protein stores to meet the added need. Hence, much research
has attempted to maximize the quantity and quality of protein reaching the small
intestine for absorption to increase milk production (Netemeyer et al., 1982). For
growing animals, as well, increased rates or efficiencies of growth have been
observed when protected protein or protein slowly degraded in the rumen has been
added to diet (Thomas et al.,, 1979; Stock et al.,, 1981). Besides increasing
productivity, increased escape should reduce feed costs by increasing the potential
for NPN use. Most bacterial nitrogen passes through the ammonia pool in the
rumen (Pilgrim et al., 1970) so 1t 1s most efficient and cost effective to meet the
nitrogen requirements of ruminal bacteria with NPN when a protected or slowly
degraded protein 1s fed to increase the supply of high quality dietary protein to
the small intestine. Supplementing a diet contalning a high proportion of escape
protein with NPN may be essential since, otherwise, ruminal bacteria can be
starved for ammonia.

Infusion of casein or amino acids post-ruminally has increased milk
production by 1 to 4 kg per cow per day (Clark, 1975a). Since post-ruminal
infusion 1s not practical for application under field conditions, other methods to
increase proteln escape have been investigated. These include: 1) encapsulating
amino acids with resistant coatings, 2) supplementing the diet with amino acid

analogs, and 3) chemically or physically treating dietary proteins to reduce



nitrites and urea (Chalupa, 1978). Apart from the NPN derived from natural
feeds, ammoniated feeds or other nitrogenous compounds often are added to the
diet. The value of NPN to the ruminant depends upon the extent to which
ammonia liberated from NPN is utilized by rumen bacteria for protein synthesis
(Chalupa, 1972). The rate and amount of ammonia released from NPN compounds
depends on the presence and activity of enzyme systems which degrade NPN.

The work of Zuntz and Hagemann in 1891 (see Hungate, 1966) first
demonstrated the usefulness of NPN for ruminant ammals. Subsequently, many
workers studied the ruminal metabolism of NPN compounds, particularly urea.
Urea is readily hydrolyzed to ammonia in the rumen (Pearson and Smith, 1943;
Jones, 1967) and ammonia is the predominant nitrogen source used by rumen
bacteria for protein synthesis (Bryant and Robinson, 1962). Therefore, dietary
urea N or urea recycled to the rumen directly from the bloodstream (Houpt, 1970)
or via saliva (Bartley, 1976) contributes ammonia-N for the synthesis of microbial
protein.

With animals fed typical diets, an average of 10% of total nitrogen supply
reaches the rumen via salivary nitrogen recycling (Bartley, 1976). He estimated
that a 700 kg cow consuming a hay and grain diet recycles 30 to 80 g of nitrogen
each day. Urea nitrogen totals some 75 to 85 % of the salivary nitrogen of cattle
(Phillipson and Mangan, 1959; Bailey and Balch, 1961). Experiments with sheep
have demonstrated that salivary urea nitrogen concentration is correlated with
rumen ammonia concentration (Lewis, 1957), blood urea concentration, nitrogen
intake (Somers, 1961b), and saliva secretion rate (Somers, 1961a), whereas total
saliva production 1s related to the amount and type of feed consumed. Only 15%
of total urea entering the rumen was salivary urea; this indicates that the entry of

urea from the blood is the more important.



Jones et al, (1964) found that 35% of the bacteria 1solated from the rumen
of sheep fed urea, barley, and hay produced urease. No urea-producing bacteria
were isolated and protozoa appeared to have little, if any, urease activity, More
recently, John et al. (1974) isolated an ureolytic strain D of Selenomonas
ruminantium from rumen fluid. Urease production by these bacteria increased
when the medium contained lower concentrations of ammonia-N; however, urease
production was repressed when large amounts of urea were included 1n the growth
medium. Houpt (1970) observed greater transfer of urea into Pavlov pouches
contaminated with rumen microorganisms than into rinsed, sterile pounches, and
suggested that urease within the rumen epithelium may aid in transfer of urea
from the blood to the rumen.

Canadian workers (Cheng and Costerton, 1980) introduced the concept of
considering rumen microorganisms as existing in three phases: the fluid phase,
attached to feed particles and adherent to the rumen epithelium. Investigators in
rumen microblology have isolated a distinct flora inhabiting the rumen epithelium
(Bauchop et al., 1975). This facultatively anaerobic flora appears to have become
specialized 1n digesting exfoliatory epithelial tissue and hydrolyzing urea and
appears to be independent of the substrate fermenting in the rumen. This
bacterial population may also assist in controlling recyecling of urea via the
blood. Cheng and Wallace (1979) demonstrated that urease activity was greatest
when the ammonia concentration was low and decreased as rumen ammonia
concentration increased. The urease activity may assist in increasing recycling of
urea during periods of low dietary protein intake. The faster urea is hydrolyzed to
ammonia, the greater the concentration gradient across the rumen wall. More
urea from the blood can be recycled under conditions where N 1s imited for the

rumen microorganisms.



Microbial Metabolism in the Rumen

Proteins entering the rumen are catabolized to peptides, amino acids, and
ammonia at rates largely dependent on protein solubility (Hendrickx and Martin,
1963; Smith, 1975). Protein digestion occurs by cell-bound bacterial proteases and
following protozoal engulfment of particles (Sutherland, 1976). Proteolytic

rumtinal bacterial include species of Bacteroides, Selenomonas and Butyrivibrio

although no single species 1s particularly active (Bryant, 1977; Chalupa, 1978).
Ruminal proteases degrade proteins to peptides and amino acids to ammonia. Cell
growth, and thus the synthesis of bacterial protein, 1s usually limited by the
availability of energy for rumen bacteria. Consequently, substrates must be in
close proximity to bacterial cells for hydrolysis and rates of proteolysis are
positively related to bacterial cell numbers (Hogan and Hemsley, 1976). Having
proteases cell bound aids uptake of products of proteolysis for cell growth.

Though the protease of Bacteroides amylophilus is cell-bound (Blackburn, 1968),

this species does not use end products of proteolysis. Pure cultures use ammonia
as the predominant nitrogen source for synthesis of protein (Bryant and Robinson,
1962; Abou-Akkada and Blackburn, 1963). In the rumen, some species of bacteria
use small quantities of peptides and amino acids that are available, but the
majority can survive with ammonia from catabolized peptides and amino acids as
their sole source nitrogen source (Allison, 1970; Bryant, 1977).

Proteolytic protozoa Include species of Entodinium, Isotrichia,
Eudiplodinium, and Ophryoscolex (Allison, 1970). Engulfed bacterial cells are the
major source of nitrogen for protozoa. Bacterial proteins are hydrolyzed to free
amino acids which are incorporated into protozoal protein (Coleman, 1967; Wallis
and Coleman, 1967). The relative contribution of protozoa and bacteria to
ruminal proteolysis 1s directly related to their biomass i1n the rumen. Factors

affecting the rate of proteolysis include ruminal pH and temperature, time



available for reaction, concentration of enzymes and substrates, and the presence
of inhibitors (Hogan and Hemsley, 1976).

Controversy exists whether deamination or proteoclysis is the rate-limiting
step 1n protein degradation. Early investigations by Annison et al. (1959) and
Lewis (1962) suggested that amino acids rarely accumulate in the rumen, even
following feeding large amounts of digestible protein. In contrast, Leibholtz
(1965), Demeljer and Van Nevel (1967) and Hendrickx et al. (1972) reported that
free amino acids can be detected shortly after feeding and Russell and Martin

(1984) recently suggested that peptides are extensively used by ruminal bacteria.
Nitrogen Products Leaving the Rumen

Protein entering the rumen may be metabolized by microorganisms or passed
to the lower digestive tract unaltered. The three predominant nitrogen-containing
fractions leaving the rumen are micraobial protein, undegraded feed protein and
endogenous protein. A number of techniques have been used to differentiate
between microbial and undegraded feed protein (Smith, 1975). Estimates of
microbial protein vary by 10 to 36% depending on the microbial marker chosen
(Theurer, 1979).

Fractionation procedures to distinguish between microbial and feed protein
generally rely on specific compounds or markers found only in microbes. Common
microbial markers include: nucleic acids (McAllan and Smith, 1969),
diaminopimelic acid (Czerkawski, 1974), aminoethylphosphoric acid (Czerkawski,
1974), 32p (Smith et al. 1978), 355 (Kennedy et al., 1980), total purines (Zinn and
Owens, 1982) and D-alanine (Garrett et al. 1982).

From numerous studies where these different methods were employed to
assess the proportion of microbial nitrogen reaching the proximal duodenum of

ruminants fed a variety of diets, i1t was concluded that 40 to 80% of total nitrogen



10

reaching the lower gut is of microbial origin (Smith, 1975). Several reviews
(Smith, 1975; Czerkawski, 1978; Stern and Hoover, 1979; Bergen et al., 1982;
Schelling et al., 1982; Theurer, 1982) have compared the estimates of microbial
protein based on a number of microbial markers. Though variability is high, no
single marker appears more useful than the others and each has advantages and
disadvantages.

By difference between duodenal non-ammonia-N flow and microbial N, flow
of feed protein from the rumen can be calculated. Extent of degradation of
protein 1n the rumen 1s dependent on several factors, the most important of which
are protein solubility and retention time (Satter et al., 1977). The amount of most
feed proteins degraded in the rumen ranges from 30 to 80% with 60% being a
reasonable average (Chalupa, 1975; Satter and Roffler, 1975; Sutherland, 1976) as
shown in Table 1. From the metabolizable protein scheme of Satter and Roffler
(1975) an estimate of 62% can be derived.

Numerous research studies have been conducted to determine the effect of
diet on the relative proportion of nitrogen that leaves the rumen as microbial
nitrogen, as undegraded plant protein, and by diffusion across the rumen wall. The
challenge has been to minimize degradation of protein in the rumen without
decreasing microbial protein synthesis and thereby to increase the total amount of
dietary protein reaching the lower gut (Chalmers et al., 1954; Tagar! et al., 1962;
Reis and Tunks, 1969).

Several techniques can be used to minimize degradation of nitrogenous
compounds 1n the rumen and to increase rumen bypass of amino acids or protein.
These 1nclude selection of high escape ingredients, physical processing, heat or
chemical treatment, and post-ruminal infusion of protein (Bull, 1981). If animal
performance increases when these techniques are used, the response can be

attributed to one or more of the following: 1) an increased quantity of total
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Table 1. TENTATIVE ESTIMATES OF UNDEGRADED PROTEIN FOR COMMON FEEDSTUFFS
WHEN TOTAL DRY MATTER INTAKE IS IN EXCESS OF 2 PERCENT OF BODY

WEIGHT3
Mean Fraction
Number of of Undegraded Standard
Feed Measurements Protein Deviation
Feed grains
Barley 2 0.21 0.07
Corn 3 0.65 0.06
Sorghum grain 8 0.52 0.15
0il meals
Cottonseed meal
(solvent) 6 0.41 0.12
Cottonseed meal
(prepress) 2 0.36 0.02
Cottonseed meal
(screw press) 2 0.50 & 0.07
Linseed meal 1 0.44 --
Peanut meal 2 0.30 0.08
Rapeseed meal 1 0.23 --
Soybean meal 10 0.28 0.14
Sunflower meal 2 0.24 0.05
By-product feeds
Blood meal 1 0.82 --
Brewers dried
grains 5 0.53 0.14
Corn gluten meal 3 0.55 0.06
Distillers dried
grains 2 0.62 0.07
Fish meal L 0.80 0.12
Meat meal 1 0.76 --
Meat and bone meal 2 0.60 0.11
Forages
Alfalfa hay 4 0.28 0.08
Alfalfa
(dehydrated) 3 0.62 0.04
Bromegrass hay 2 0.32 0.12
Corn silage 1 0.27 --
Timothy hay 2 0.42 0.11

dNational Research Council. 1985. Ruminant Nitrogen Usage. National
Academy of Sciences National Research Council. Washington, D.C.
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amino acids reaching the duodenum (Sharma et al., 1974), 2) reduced nitrogen loss
due to decreased urinary excretion of urea (Reis and Tunks, 1969), 3) greater
quantities of limiting amino acids available for absorption in the small intestine
(Clark, 1975a), 4) an increased supply of carbon for gluconeogenesis (Clark,
1975a), 5) higher quality proteins reaching the duodenum (Little and Mitchell,

1967), or 6) changes in hormonal status (Clark, 1975a; Ferguson, 1975).

Protein Degradation Rate

In 1972, Mangan infused casein and casein hydrolysate in vivo and
demonstrated that deamination was more rate-limiting than proteolysis in protein
degradation of a soluble protein. Whether deamination or proteolysis is rate-
limiting 1n protein degradation depends upon independent factors affecting rumen
nitrogen metabolism, such as rate of degradation of dietary protein, rumen pH, or
dietary energy level.

The extent of nitrogen degradation occuring in the rumen is a function of
rate of protein degradation and retention time (rate of passage of protein out of
the rumen). Pichard and Van Soest (1977) established a model for protein
degradation which separated protein into three fractions based on rate of
breakdown. The A fraction contains rapdily solubilized non-protein nitrogen; the
B fraction 1s subdivided into two or more categories: rapidly degraded and more
slowly degraded protein; and the C fraction 1s undegraded indigestible protein.

Protein solubility in the rumen was considered to be the most important
factor affecting rate of protein degradation by these and certain other workers
(Hendrickx and Martin, 1963; Sniffen, 1974). Solubilities of protein sources are
partially determined by the specific classes of protein present. Feeds with the

majority of total protein being albumin and globulin are more soluble whereas
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feeds with greater amounts of glutelin and prolamine are less soluble (Wohlt et al.,
1976).

Essentially all soluble nitrogen and only soluble protein was 1nitially believed
to be degraded in the rumen (Mertens, 1977). Current evidence indicates that
nitrogen solubility under-predicts the extent of nitrogen degradation in the rumen
though these measurements are usually correlated (Wohlt, 1973; Smiffin, 1974;
Zinn et al., 1981). Generally speaking, the greater the solubility in rumen fluid,
the more readily a feed component is degraded in the rumen. However, certain
soluble proteins may resist attack. Mangan (1972) reported that ovalbumin,
though highly soluble, is slowly degraded in the rumen. Ovalbumin 1s resistant to
exopeptidase attack due to the cyclical arrangement of its polypeptide chain so
ovalbumin lacks carbon or nitrogen terminal amino acid residues.

Mahadevan et al. (1980) reported that soluble and insoluble proteins of
soybean meal (SBM) were hydrolyzed at equal rates by a protease isolated from

Bacteroides amylophilus. These researchers also reported that soluble proteins of

soybean meal, rapeseed meal, and casein were hydrolyzed at different rates by the
protease though differences in extent of digestion were very small. It has been
reported by Van der Aar et al. (1982) that soluble proteins of soybean meal treated
with alcohols had lower rates of in vitro degradation as compared with soluble
proteins of control soybean meal. In contrast to the report of Mahadevan et al.
(1980), in vitro degradation rates of soluble and insoluble proteins of control
soybean meal were not equal in other studies. Bull et al. (1977) summarized the
relationship between solubility and degradability by stating that, while the ability
of a protein to be solubilized 1n the rumen 1s related to rumen degradation,
solubility does not ensure degradation, nor does insolubility infer that a protein is

not degraded.
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Protein structure also plays a role in ruminal protein degradation. Disulfide
bridges, crosslinking, and helical structures appear to decrease protein
degradation (Nugent and Mangan, 1978; Mahadevan et al., 1980). Altering the
protein structure by alcohol treatment (Van der Aar et al., 1982), altering the
protein structure by heating (Tagar: et al., 1962; Sherrod and Tillman 1964; Glimp
et al., 1967), or complexing amino groups with aldehydes (Hatfield, 1973) reduced
protein degradation in the rumen.

Rumen pH alters both protein solubility and microbial proteolysis. Clark
(1975a) stated that proteins were least soluble at their 1soelectric point due to
lack of a net charge and electrostatic repulsion between protein molecules.
Fontaine and Burnette (1944) and Wohlt et al. (1973) reported that a low pH
reduced protein solubility of many common protein supplements. Blackburn and
Hobson (1960), and Lewis and Emery (1962) reported that the optimum pH for
bacterial proteolysis and deamination was between 6 and 7. Russell et al. (1979)
studied the effect of pH on the growth rate of five pure cultures of rumen
bacteria. The ranking of the species with respect to growth rate was pH
dependent, suggesting that pH may influence competition among bacterial species
1n the rumen.

Neudoerffer et al. (1971) compared ruminal protein degradation by cows fed
high corn diets with that by cows fed high forage diets. They found protein
degradation to be lower for the high corn treatment, but i1t was impossible to
determine whether the response was due to low rumen pH on the high corn diet or
the inherently lower degradation of corn protein.

The majority of the work conducted concerning the influence of pH on
protein degradation has used In situ and in vitro techniques. Okeke et al. (1983)
using 1n situ techniques, suspended nylon bags containing soybean meal in the

rumen of steers fed concentrate diets supplemented with various levels of buffers
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to alter ruminal pH. They concluded that there was a strong correlation between
ruminal pH 4 h post-feeding and nitrogen disappearance from soybean meal
suspended in the rumen for 24 h. In the in situ work by Loerch et al. (1983), cows
were fed NaOH treated corn or high moisture corn. Sodium hydroxide treated corn
maintained a higher ruminal pH while ruminal pH decreased with high moisture
corn In the diet. Protein degradation of various protein sources was measured
using 1n situ techniques. Corn treatment and level had an affect on rates of N
disappearance. Disappearance rates from soybean meal and dehydrated alfalfa
meal were affected more by pH than rates from blood meal, corn gluten meal or
bone meal Because both 1n vitro and 1n situ solubility and degradation of soybean
meal were reduced at a low pH, whereas in vitro solubility and in situ degradation
of blood meal and corn gluten meal were low and relatively unchanged by pH,
these workers concluded that protein solubility had more impact on ruminal
degradation than did alteration in the bacterial population or proteolytic activity.

The second main factor that alters extent of ruminal protein degradation is
rate of N passage out of the rumen. This factor is most important with proteins
whose retention time permits microbial fermentation to be prolonged. Reducing
food particle size, increasing intake level or frequency of feeding, and rate of
fermentation were reported by Balch and Campling (1965) to decrease ruminal
retention time. Increasing feed intake increases flow of undegraded protein out of
the rumen (Mertens, 1977; Tamminga, 1979; Zinn and Owens, 1983). Increased
protein escape was reportedly due to a reduced ruminal retention time. However,
rumen pH was not reported in these studies and 1t 1s possible that, with higher
feed intakes, rumen pH also was depressed. Reduced pH should reduce ruminal
protein degradation. Feeding or infusing buffers such as sodium bicarbonate or
mineral salts has been shown to increase rumen fluid dilution rate (Thomson et al.,

1975; Rodgers et al., 1979). This could increase flow of undegraded protein out of
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the rumen provided other factors such as increased pH do not alter rate of protein
degradation. Increased passage rate increases efficiency of microbial growth both
1n vitro and 1n vivo. This is well documented in reviews by Hespell and Bryant
(1979) and Harrison and McAllan (1980). However, the effect of passage rate on
proteolysis 1n the rumen or flow of bacterial N out of the rumen has not been

measured directly.

Methods for Measuring Protein Degradation

and Solubility

Several rapid, inexpensive methods have been developed to indirectly
estimate the extent of ruminal protein degradation. These techniques (Buttery
and Cole, 1977; Oldham, 1977) avoid the problems associated with measuring
degradation directly by use of microbial markers and animals prepared with
abomasal or duodenal cannalae, but most of these procedures remain to be tested
against in vivo escape values.

Solubility of protein by extraction in some solvents 1s one common procedure
for evaluation of feedstuffs since generally solubility 1s positively correlated with
ruminal protein degradation. Although autoclaved rumen fluid has been proposed
as the standard to which other solvents have been compared, recent research
(Wohlt et al., 1973; Crooker et al., 1978) has attempted to identify a solvent that
extracts similar quantities of soluble protein, 1s more uniform 1n composition, and
can be obtained more easily. Wohit et al. (1973) compared Burroughs mineral
buffer diluted to 10% with distilled water to autoclaved rumen fluid and found
similar quantities of nitrogen were extracted from purified proteins by both
solvents. Because this mineral buffer 1s difficult to prepare, has a short shelf life,
and has a high background level of nitrogen, Crooker et al., (1978) investigated

alternative solvents. In addition to autoclaved rumen fluid and Burroughs mineral
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buffer, 0.15 M NaCl, a modified Burroughs solution which substituted NaZSOQ for
(NH4)2504 on an equimolar basis, and McDougal's artificial saliva were
examined. No significant difference was found among the mean quantities of
nitrogen extracted by either the Burroughs mineral buffer, autoclaved rumen fluid
or sodium chloride. There was a high correlation (r = .93) between the amount of
protein extracted by sodium chloride and that extracted by the Burroughs
solvent. Dilute NaOH (0.02 N) also has been used as a solvent (Little et al., 1963;
Craig and Broderick, 1978) but extracts greater quantities of soluble protein than
other solvents. Cralg and Broderick (1978) demonstrated a high correlation (r =
0.97) between protein solubility in NaOH and 1n vitro cottonseed meal protein
degradation estimated by kinetic studies. Other solvents that have been used
include water (Little et al.,, 1963; Goering and Waldo, 1974), 0.2 M phosphate
buffer (MacRae, 1976), 0.1 N HCI solution (Brady, 1960), ethanol (Brady, 1960) and
borate-phosphate buffer (Krishnamoorthy et al. 1982).

The quantity of protein extracted from feeds depends on the degree of
agitation and length of extraction time as well as solvent temperature, pH,
chemical composition, and 1onic strength. Solubility of feedstuff protein in one
solvent may be unrelated to solubility in another solvent (Little et al., 1963;
Crooker et al., 1978; Waldo et al., 1979) possibly because of varying inter- and
intramolecular forces acting between the protein and ions of each solvent
(Crooker et al., 1978).

Another procedure used to predict in vivo protein degradation 1s to measure
ammonia accumulation after incubation 1n vitro with rumen fluid. This technique
often underestimates in vivo degradation because of ammonia uptake to support
microbial growth. This 1s especially apparent with rapidly fermented feeds In
which ammonia concentrations 1n vitro decrease rather than increase (Annison et

al., 1954). Failure of this method to consider ruminal retention time Limits its
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usefulness to predict 1n vivo degradation.

Disappearance of protein from dacron bags suspended in the rumen has been
used to estimate rumen degradation of feed proteins (Mathers et al., 1977; Mehrez
and Iérskov, 1977; Mohamed and Smith 1977; ¢rskov and Mehrez 1977; Crawford
et al.,, 1978; Stern et al., 1978; ¢rskov and McDonald, 1979). Maximum protein
degradation in the rumen has been assumed to be that reached when 90% of the
digestible dry matter of the feed has disappeared from the dacron bag (¢rskov and
Mehrez, 1977).

Mathers et al. (1977) used a variety of protein supplements and compared
nitrogen disappearance from dacron bags to ruminal protein degradation obtained
from measurements of nonammonia nitrogen flow to the small intestine.
Disappearance values after 4 to 6 hours of incubation gave similar estimates of
protein degradation to those obtained measuring nonammonia nitrogen flow.
However, dry matter disappearance from the bags at this time ranged from 15 to
80% depending on the supplement.

To obtain accurate estimates of in vivo degradation, both rate of
degradation and ruminal retention time of the feed particle must be known.
Plotting the log of the proportion of nitrogen surviving in the dacron bag versus
time 1ndicates that nitrogen disappears from the bag at two rates, one
corresponding to wash out or physical loss from the bag and the other to digestion
of a slowly degraded fraction (Mohamed and Smith, 1977). Disappearance of
nitrogen during a short incubation period (1 to 2 h) period presumably measures
nitrogen solubility while loss at longer incubation times corresponds to microbial
degradation of protein. Recently, estimates of protein degradation in the rumen
have been calculated using rates of nitrogen disappearance obtained from dacron
bags together with rumen retention time (Iérskov and McDonald, 1979). Soybean

meal was coated with sodium dichromate to estimate rate of passage of the
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supplement. An estimate of 71% rumen degradation was measured 1n vivo. It was
calculated that a ruminal retention time of 12.5 hours when combined with
ruminal degradation rate yielded the appropriate value (71%) for degradation of
soybean meal.

Factors affecting protein disappearance from dacron bags include pore size,
bag size, sample size, and particle size of the tested feedstuff (Mehrez and
¢rskov, 1977; Van Hellen and Ellis, 1977; Crawford et al., 1978). Various
synthetic fiber materials with pore sizes ranging from 5 microns to 150 microns in
diameter have been utilized (Van Hellen and Ellis, 1977; Crawford et al., 1978;
Stern et al., 1978; Nocek et al., 1979). Small pore sizes inhibit protozoa from
entering the bag while large pore sizes allow finely ground particles to pass out;
therefare, a balance must be chosen in selecting a pore size. A large sample size
to bag surface ratio limits disappearance of feed material (Uden et al., 1974; Van
Hellen and Ellis, 1977; Mehrez and ¢rskov, 1977). A critical ratio of sample size
to bag size, which when exceeded limits disappearance, varies according to type

of feed being fermented.
Protein Degradation Versus Protein Solubility

Determining the degradation of various protein sources in the rumen using
microbial markers and re-entrant cannulated animals requires a large input of
labor, money, and time. Even 1n situ studies require access to cannulated
animals. Therefore, other laboratory procedures which yield results which are
indicative of degradation, have been sought. Protein solubility in mineral
solutions has been suggested to be correlated with protein degradation in the
rumen (Hendrickx and Martin, 1963; Mertens, 1977; Satter et al., 1977) and has
been developed for evaluation of feedstuffs. In Table 2 estimates are provided for

ruminal degradation and protein solubility of feeds in various solvents. A
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Table 2. ESTIMATES OF DEGRADABILITY AND SOLUBILITY OF PROTEIN IN

SELECTED FEEDSTUFFS®

Ruminal
Degradation Solubility
Ingredient 3 ;3
Concentrates
Casein 90 93
Cottonseed meal (60), (80)b 7
Soybean meal 39, (55), (60) 13, 6-20, 13-20
Peanut meal 63, (78) 4o, 11-37
Sunflower seed meal (75), 81, 72 30, 24-34, 30-34
Fish meal 10, 29, (31), (60) 11
Barley ) (40), (72), (90) 17
Corn grain (40) 12, 2-11, 15
Corn grain:
Steam flaked 32, 35 8
Dry rolled L2, 42 12
Acid treated 20 15
High moisture Ly 64
Formaldehyde treated
0 73 16
0.2% 29 4
0.3% L 3

Forages

Alfalfa hay
Red clover

Immature

Wilted

3 wk postwilted

Dry mature

Dried, pelleted
Dried grass
Grass silage, unwilted
Corn silage

32-46, 58, 59, 60

23 N 2L|-33 ’ 26'28

22-30, 26-28

21-27
23-61
26-68

3c1ark and Crooker (1979).

b . .
Values in parentheses are gross estimates.
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correlation of approximately 0.45 between degradation and solubility illustrates
that these two factors are not highly correlated across feedstuffs. Cottonseed
meal and soybean meal are readily degraded but quite insoluble. Although ruminal
degradation of casein was approximately equal to 1ts solubility, protein
degradation exceeded protein solubility for all other feeds. One exception was
ovalbumin which 1s extremely soluble yet very slowly degraded in the rumen
(Mangan, 1972).

For common feedstuffs a correlation coefficient of 0.66 was observed
between protein solubility after a 1 h incubation in 10% Burrough's solution and
nitrogen disappearance from dacron bags suspended in the rumen for 2 h
(Crawford et al., 1978). This 1s not surprising since protein will be solubilized out
of dacron bags. These correlations were improved if the feeds were divided into
concentrate, hay and silage groups. Protein solubtlity also has been correlated to
in vitro ammonia release. Hendrickx and Martin (1963) have shown that ammonia
release from purified proteins after 6 h was positively correlated (r = 0.99) to
nitrogen solubility in 10% Burroughs solution. Using various feedstuffs, other
workers (Little et al., 1963; Crooker et al., 1978) have not demonstrated as close a
relationship of ammonia production at various intervals of 1ncubation with
solubility 1n several different solvents. Differences among feeds in the amount of
fermentable carbohydrate may be responsible for the absence of a consistent
relationship 1n such studies.

Pichard and Van Soest (1977) suggested that proteins could be divided into
four general categories based on solubility and kinetic studies. These include a
soluble protein and NPN fraction, two insoluble fractions, one of which 1s rapidly
degraded and another which is slowly degraded, and an unavailable fraction. It
seems reasonable to assume that most soluble protein is degraded. Kinetic studies

indicate that most 1nsoluble nitrogen does not escape degradation. The ratio of
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the three insoluble fractions, along with their retention times, will influence how
closely protein solubility and degradation of a feed are related.

Estimates of rumen degradation of slowly degraded proteins have been
reported. These estimates are: meat meal (23-30%), blood meal (18-29%),
dehydrated alfalfa (34-63%), corn gluten meal (38-54%) and dried distiller's grains
(39-52%) (Waller, 1978; Merchen et al.,, 1979; Zinn et al., 1981; Loerch, 1982).
Rapidly degraded protein sources such as SBM have been reported to be 71-85%
degraded 1n the rumen (Zinn et al.,, 1981; Loerch, 1982). If degradation is
calculated as rate of passage from the rumen divided by rate of passage plus rate
of degradation in the rumen (Broderick, 1978), feeding of slowly degraded protein
will increase dietary flow to the small intestine compared to feeding SBM. This
calculation assumes that rate of degradation within the rumen is not influenced by

adaption of microbes to a protein source as suggested by Loerch (1982).

Methods of Ruminal Protein Protection and

Their Application

Several physical and chemical treatments have been used to protect proteins
and individual amino acids from degradation in the rumen. These methods and
their effectiveness have been reviewed by Broderick (1975), Chalupa (1975) and
Clark (1975b). The most widely researched method for increasing ruminal protein
escape has been heating. Tagari et al. (1962) reported that heating improved the
nutritional value of soybean meal for sheep by reducing rumen ammonia levels and
urinary N output and increasing N retention.

If ruminal protein protection 1s to be effective, the protein or amino acid
must either be denatured (protein) or chemically bound (amino acid) to a carrier
such that rate of degradation in the rumen is reduced. The denaturation or

chemical bonding to a carrier must be reversible at the acid conditions of the
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abomasum or the material will pass from the animal undigested. Of the methods
used to protect proteins, the application of heat is most widely used in feed
processing. Research has been reported on the influence of autoclaving and
baking various protein sources, primarily soybean meal and cottonseed meal
(Danke et al., 1966; Glimp et al., 1967; Hudson et al., 1970; Nishimuta et al., 1972;
Sherrod and Tillman, 1962; Thomas et al., 1979b).

Protein sources such as blood meal, corn gluten meal and meat meal as
produced commercially are extensively heated to dry the material for storage and
handling. Processing of SBM also involves use of heat during the initial flaking of
the beans (pre-extraction) and in the final stages for solvent reclamation. Soy
flakes after oil extraction contain approximately 35% hexane, 8.% water and 1%
oil (Mustakas, 1980). Heat 1s used to remove the hexane, but only low levels of
heat are required since hexane has a boiling range of 63-69C (Mustakas, 1980).
This heating process 1s sufficient to inactivate most of the trypsin inhibitor
present In raw soybeans (Mustakas, 1980) but it may not be sufficient to protect
soy protein from ruminal degradation.

Finley and Friedman (1973) reported that heating increased crosslinking
within and between protein molecules. Crosslinking 1s the result of reactions
between the epsilon-amino group of lysine and either carbonyl, carboxyl or amide
groups (Bjarnason and Carpenter, 1970; Broderick, 1975; Ferguson, 1975).
Broderick (1975) suggested that this chemical modification decreased extent of
microbial proteolysis in two ways: (1) the soluble fraction of the protein will be
reduced and less protein will be available for microbial hydrolysis and (2) the
enzyme reactive sites on the protein will be blocked by chemical rearrangement
of the protein. Mahadevan et al. (1980) reported that disulfide crosslinking in

proteins was responsible for decreased ruminal degradation, probably due to
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blocking of enzyme reactive sites. Whether disulfide crosslinking occurs with
thermal denaturation 1s not known.

Thermal or heat denaturation is reversible 1f conditions are appropriate and
denaturation 1s not too severe (Lehninger, 1975). Heat denaturation is a problem
in processed feeds when proteins are heated in the presence of carbohydrates.
This results 1n the formation of Schiff bases (Broderick, 1975) or the Maillard
reaction. The Maillard reaction between a free amino group and the aldehyde
group of a reducing sugar has been implicated to be resistant to enzymatic
digestion (Pichard and Van Soest, 1977).

The extent of heat damage of protein can be estimated by analyzing feeds
for acid pepsin 1nsoluble nitrogen (APIN) or acid detergent insoluble nitrogen
(Goering and Van Soest, 1970; Pichard and Van Soest, 1977). The ADIN fraction
includes N chemically bound to lignin or cellulose plus N in Maillard products.
APIN also has been suggested as a measure of unavailable N (Goering and Van
Soest, 1970). This procedure simulates conditions 1n the abomasum and should
provide a more reliable estimate of total N unavailable for digestion since it
measures both N resistant to enzymatic degradation plus that bound to the acid
detergent fiber (ADF) of feeds.

Chemical treatments which have been employed to reduce ruminal protein
degradation include formaldehyde, alcohols and tannins. Formaldehyde treatment
has been used most frequently and reacts with free amino groups of lysine and N-
terminal amino acid residues forming Schiff's bases and methylene cross links
between peptide chains (Fraenkel-Conrat and Olcott, 1948; Broderick, 1975).
These bonds reduce solubility of proteins and are stable i1n the rumen. This binding
1s reduced under the more acidic environment of the abomasum which allows some
of the bound protein to be digested in the small intestine. Some chemical bonds

with lysine may be permanent.
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Tannins also have been used to render proteins resistant to degradation in
the rumen. Hydrolyzable tannins form reversible cross-links with proteins by
hydrogen bonding (McLeod, 1974; Ferguson, 1975). Such protein-tannin complexes
have reduced susceptibility to deamination by rumen microorganisms but are
unstable at gastric pH (Van Buren and Robinson, 1969; Driedger and Hatfield,
1972).

Heat-treatment can also alter degradation of protein in the rumen. Heating
hexane-extracted SBM reduces the amount of SBM which 1s soluble in rumen fluid
and most other solvents (Sherrod and Tillman, 1962; Tagari et al., 1962; Little et
al., 1963; Glimp et al., 1967; Hudson et al., 1970; Schingoethe and Ahrar, 1979;
Thomas et al.,, 1979a). Protein solubility has been correlated positively with
rumen degradation (Crawford et al., 1978; Crooker et al., 1978; Poos-Floyd et al.,
1985). These investigators examined several solvents and correlated solubility to
in vitro degradation. However, Mahadevan et al. (1980) demonstrated that soluble
proteins are degraded at different rates and to different extents by an isolated
bacterial protease, so protein solubility alone may be insufficient as a predictor of
total ruminal degradation. Mahadevan's work may be questionable since only very
low percentage of the test proteins were actually degraded by the isolated
protease. Using his value of 6.5 mmoles of amino acids being equal to 1 mg
protein, the percentage of serum albumin degraded was only .86% of that

incubated with protease isolated from Bacteroides amylophilus. Mangan (1972)

demonstrated that ovalbumin, a soluble protein, resists degradation in the rumen,
probably because of 1ts cyclic structure which reduces attachment to ruminal
microbes which must precede protease attack. Zinn et al. (1981) measured the
flow of protein to the small intestine from protein sources with solubilities in a
saline solution (10 - 27% soluble N). Ruminal degradation ranged from 30 to 85%

and was not correlated with solubility. Thus, solubility of a protein must be used
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cautiously 1n predicting rumen degradation across various sources of protein. But,

within a protein type, solubility may predict relative ruminal digestion.

Effect of Altering Protein Solubility on Milk

Production by Dairy Cattle

The response of ruminant animals to diets of various protein solubilities and
the techniques used to alter solubility have been reviewed previously (Broderick,
1975; Chalupa, 1975; Clark, 1975a; Ferguson, 1975; Huber and King, 1981; Santos
et al.,, 1984). Common methods which have both reduced protein solubility and
elicited responses in nitrogen metabolism include formaldehyde treatment (Reis
and Tunks, 1969; Peter et al., 1971; Spears et al., 1979; Pankhurst et al.,, 1980;
Crooker et al., 1983; and Brookes, 1984), heat treatment (Sherrod and Tillman,
1962; Tagari et al.,, 1962; Beever et al., 1976; Ahrar and Schingoethe, 1979;
Broderick and Craig, 1980; Mielke and Schingoethe, 1981; Block et al.,, 1981;
Netemeyer et al., 1982; Kung et al., 1983; Vicente et al., 1984; Sahlu et al., 1984;
Yang et al.,, 1984; and Stern et al., 1985) and formulating diets based on
components with low solubility {(Wohlt et al., 1976; Majdoub et al., 1978; Nocek et
al., 1979; Grieve et al., 1980; Cowan et al., 1981; ¢rskov et al., 1981; Grummer et
al., 1982; Kung and Huber, 1983; Van Dijk et al., 1983; Castle et al., 1983; Erdman
and Vandersall, 1983; Ha and Kennelly, 1984; Santos et al., 1984; Higgenbotham et
al., 1984; Vandersall and Erdman, 1984). Generally, nitrogen retention has
increased when solublility of proteins fed to ruminant animals has been reduced
(Sengar and Mudgal, 1983; Kung et al., 1984; and Santos et al., 1984). Often,
treatments will increase the quantity of N excreted in feces, but this loss 1s
usually over-compensated by reduced nitrogen excretion by the kidneys (Sengar

and Mudgal, 1983).
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Most research concerning animal responses to diets varying in protein
solubility have used ruminant animals other than lactating dairy cows. With
lactating cows, feeding formaldehyde-treated soybean meal (Satter et al., 1970;
Clark et al., 1974) or casein (Wilson, 1970; Broderick and Lane, 1978) did not alter
milk production or milk composition. In contrast, formaldehyde-treated proteins
increased wool growth (Ferguson, 1975) and weight gains in young ruminants
(Faichney, 1971; Clark, 1975; Spears et al., 1979; Tamminga, 1979; Thomas et al.,
1979b; Spears et al., 1980).

Clark et al. (1974) observed that treating soybean meal with 0.9% wt/wt
formaldehyde reduced protein digestibility in the rumen. But, if the level of
formaldehyde treatment 1s excessive, the formaldehyde-protein linkages may not
be cleaved under the acidic conditions of the abomasum and protein may not
became available for digestion and absorption in the small intestine. Reduced
digestibility of casein treated with 0.8% formaldehyde (wt/wt) alsoc may have
prevented response in the trial of Broderick and Lane (1978). Ha and Kennelly
(1984) concluded from 1n situ nylon bag studies that formalin-treatment of canola
meal reduced both dry matter and nitrogen disappearance. Treatment of soybean
meal with formaldehyde 1n 12% protein diets reduced ruminal NHz-N
concentrations 2 to 3 h post-feeding. Apparent digestibilities of dry matter,
organic matter, acid detergent fiber, ether extract and nitrogen-free extract in
the total digestive tract were not affected by dietary treatment suggesting that
formaldehyde-treated soybean meal was not overprotected and unavailable for
animal use.

Formaldehyde treatment of proteins increased milk production in dairy cows
(Ferguson, 1975; Mueller et al., 1975; Stobbs et al., 1977; Flores et al., 1979).
Brookes (1984) reported that formaldehyde effectively protected casein against

rumen degradation for at least 8 hours post feeding. Total nitrogen digestibilities
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were similar for the protected and unprotected casein suggesting that the treated
casein was digested post-ruminally.

Recent work by Pankhurst et al. (1980), Crooker et al. (1983) and Brookes
(1984) suggests that responses to formaldehyde treatment are variable. Pankhurst
et al. (1980) 1n two experiments monitored milk and linoleic acid production by
lactating dairy cows fed various forms of formaldehyde protected sunflower seed
supplements. No differences in milk production or milk constituents were
detected. Soybean meal treated with formaldehyde (0.3% g/100g) inhibited
micrabial degradation 1n the rumen of lactating cows but decreased the total tract
availability of the soybean meal protein (Crooker et al., 1983). Digestibilities of
protein by cows was reduced (62.4 vs. 65.4%) and milk percentage and yield of
crude protein were also reduced (P < .10) during days 64 to 119 of lactation by
formaldehyde treatment of soybean meal. In contrast, Verite and Journet (1977)
found that milk, protein, and milk yields were increased by formaldehyde
treatment of soybean and rapeseed meals. Sengar and Mudgal (1983) also observed
a tendency for miulk production to increase with formaldehyde treatment of
groundnut cake in lactating Beetal goats.

Wohlt et al. (1976) formulated diets for wethers from common feedstuffs in
which either 13 or 35% of the total protein was soluble in a mineral buffer
solution. Nitrogen retention and efficiency were increased by reduced protein
solubility. Selecting natural feeds of low and high solubility also has been tested
with lactating dairy cattle (Braund et al., 1978; Davis, 1978; Majdoub et al., 1978;
Grummer and Clark, 1982; Kung and Huber, 1983; Stern et al., 1983; Santos et al.,
1984). Majdoub et al. (1978) fed lactating dairy cows two levels of total protein
(13 and 15%) with two levels of soluble nitrogen (22 and 42%). Even though diets
differed in feed comnposition, they were formulated to contain equal quantities of

total digestible nutrients and net energy for lactation. Yields of milk and milk
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components were higher (P<.05) for the high protein-low solubility diet than for
the other three diets during a 9-wk trial. Feeding the low protein-low solubility
diet resulted in greater milk yield than feeding the high protein-high solubility
diet though the difference was not significant.

Braund et al. (1978) divided 80 cows averaging 31 kg of milk per cow daily
into four equal groups to examine the effect of protein solubility on lactational
performance. Diets included a negative control (low crude protein 12.6%) and
three high protein rations (averaging 18.3% crude protein) varying in protein
solubility. The high protein ration containing the highest nitrogen solubility also
contained urea. Nutrient composition was identical in all diets except for protein
content. Cows fed the high protein ration with the lowest solubility (21.3%)
produced more milk than those recelving other three treatments. These
researchers recommended that at least 15% but not more than 25% of the total
dietary nitrogen should be soluble in the rumen. In fact, they had no treatment
with a solubility under 21%.

Davis (1978) conducted a similar trial in which lactating dairy cattle were
fed six diets formulated from either natural protein or natural protein plus urea.
Protein solubilities ranged from 22.9 to 51.3%. In contrast to trials of Braund et
al. (1978), cows fed the diets with the least soluble N produced less milk than cows
fed all other diets except for the low protein negative control. Ruminal ammonia
levels 1n the rumen probably were too low for microbial protein synthesis.
Lactating cows fed diets containing 30 and 35% soluble nitrogen but no urea
produced the most milk. Additional factors such as soluble carbohydrate level,
amino acid profile of proteins and nonprotein nitrogen supplies also could
influence milk production of lactating cows when ration solubility 1s varied by

selecting specific natural feeds.
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Solubility of diet protein has been reduced by exposing soybean meal to
moist heat 1n a cooker-extruder. Ahrar and Shingoethe (1979) fed eighteen cows 9
weeks postpartum soybean meal or soybean meal which had been more extensively
heated. In this 16-wk study, no differences in milk production or milk composition
were detected, possibly due to the small difference in protein solubility between
the two diets (12 vs. 17%) and because the cows were past their peak of lactation.

Grummer and Clark (1982) fed five diets varying in nitrogen solubility to
cows In a 20-wk lactation study. Diets ranged from 21.7 to 34.4% soluble nitrogen
determined by solubility in .15 M NaCl, .02 M NaOH and 10% Buroughs mineral
buffer. Nitrogen solubility of the diets was altered by heat treatment of defatted
soybean flakes. The diets provided 85 and 100% of net energy for lactation.
Treatments did not significantly increase milk yield or 4% fat corrected milk yield
or alter milk composition.

Eighty-four Holstein cows were fed 11.3, 14.5 or 17.5% protein diets with
ammoniated versus untreated corn silage and heated or normal soybean meal 1n a
trial by Kung and Huber (1983). Increasing the ration protein percentage
increased (P < .01) milk yield. Milk production and persistency were lowest for
cows fed 11% crude protein corn silage-soybean meal and highest for cows fed
17.5% crude protein ammoniated silage-heated soybean meal diet. Average
percent milk fat, milk protein and total solids were not significantly altered by
other dietary treatments. Based on these results, 1t may be concluded that when a
diet contains protein with reduced ruminal degradation, more NPN can be used
and may be needed to furnish adequate amounts of ammonia i1n the rumen.

Santos et al. (1984) used four lactating Holstein cows fitted with T-type
duodenal, 1leal, and rumen cannulae to study the effects of protein source on
protein degradation in the rumen and amino acid flow to and absorption from in

the small intestine. Ruminal protein degradation was higher for the soybean meal
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diet (70%) than for the corn gluten meal (45%), wet brewers grains (52%) and
distillers dried solubles (46%) diets. Though the relatively resistant to degradation
in the rumen, corn gluten meal and wet brewers grain appeared to be available in
the small intestine. Despite the reduced total tract digestibility of the distillers
dried grains, the quantities of amino acids disappearing from the small intestine
were slightly higher for corn gluten meal, wet brewers grains and distillers dried
grains than for soybean meal. It seems unlikely that these three protein sources
would result in greater milk yield by lactating cows than soybean meal when fed
at normal protein levels.

Past research on circumventing ruminal protein degradation in the rumen for
lactating dairy cattle has often increased milk and milk-protein yield in cows fed
well-balanced rations. Selecting natural feedstuffs, or heat and chemical
treatment to decrease ruminal protein degradation often has improved growth and
milk production. Although experimental rations can be formulated to vary only in
protein solubility and to contain similar levels of crude fiber, other factors vary.
These include levels of soluble carbohydrates, and other nutrients and the amino
acid pattern of the diet reaching the small intestine. These would be expected to
differ with diet.

To more clearly determine the effect of soybean meal protein heat
treatment and solubility on milk production, milk composition and ruminal
degradation, the following research trials were conducted. High producing dairy
cows were fed diets that differed only in degree of heat treatment of soybean
meal. In complementary studies, the extent of ruminal proteolysis, rumen
turnover rate and milk production response to heat treatment of soybean meal

were examined.



CHAPTER III

IMPACT OF PROCESSING CONDITIONS ON BYPASS
POTENTIAL OF N FROM FULL-FAT AND

SOLVENT-EXTRACTED SOYBEAN MEAL

Summary

Thirty samples of full-fat and 44% solvent extracted soybean meals (SBM)
were extruded under specified manufacturing conditions. These were examined by
laboratory and in situ procedures to identify those meals having promise as a
ruminal escape protein source for ruminant animals. Extruding conditions for
whole soybeans included various combinations of steam turn rate (6, 11, 16),
number of holes in an extruder die (336, 588, 840) and feed rate (rpm; 10, 13, 16)
and for solvent-extracted meals included steam turn rate (9, 14, 19), feed rate (8,
10, 12) and water percentage (45, 60, 70) with an 840 extruder die. The only
production parameter which altered (P < .01) N solubility of full-fat SBM was the
number of holes in extruder die. Contour plots of response surface indicated that
die 840 was most effective. Variations in processing conditions for solvent-
extracted SBM resulted in only small numerical differences in nitrogen solubility
(5.9 to 10.9%) and pepsin 1nsoluble nitrogen (8.6 to 11.6%). No significant
differences in dry matter and nitrogen disappearance were detected (P > .05).
Several production factors influenced N solubility. These included temperature,
water, water x feed, and steam x feed rate. Since the magnitude of change was
small with both full-fat soybeans and 44% solvent-extracted SBM, the practical

significance of altering processing conditions to increase ruminal escape of these
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products appears too small to justify the additional cost.

(Key Words: Soybeans, Processing, N Bypass, Ruminant.)

Introduction

Research efforts in the early sixties demonstrated that under certain
conditions animal production can be improved when supply of protein or amino
acids to the small intestine 1s increased (Egan, 1965; Little and Mitchell, 1967;
Schelling and Hatfield, 1967). Currently, one of the objectives 1n protein nutrition
of ruminant animals 1s to increase ruminal escape of high quality feed protein
while maximizing bacterial protein supply to the small intestine (Owens, 1978).
Manipulating ruminant protein digestion to boost protein escape could permit
greater substitution of inexpensive NPN for feed protein. The major animal class
which could benefit from increased ruminal protein escape is the high producing
dairy cow. Large quantities of amino acids must be absorbed from the small
intestine to provide an adequate supply for milk protein synthesis.

Even when the correct feed recommendations are prescribed, high-producing
dairy cows may still suffer from a storage of energy and protein since maximum
dry matter intake does not occur until after peak milk production. This forces
high producing cows to maobilize body stores of fat and protein to meet the
deficit. Since body reserves are limited, adding fat and high quality protein that
escapes rumen degradation should benefit lactating cows at the peak of lactation
and permit diet formulation to lower protein levels for cows at later stages in
lactation.

During peak lactation, the quantity of amino acids absorbed from the small
intestine may be 1nsufficient to meet the demand for production of milk and

thereby limit production. In this instance, providing a protected or slowly
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degraded dietary protein to increase the supply of high quality protein to the small
intestine should be beneficial. Certain trials have shown that productivity can be
increased by heat treating soybean meal used in animal studies (Netemeyer et al.,
1982; and Amos, 1980).

The objective of this study was to examine the 1mpact of specific
manufacturing processes on the potential ruminal escape of protein from
extracted soybean meal and full-fat soybeans. The manufacturing variables tested
included die opening, moisture content, steam pressure and feed rate. Meals with
the greatest potential for use as a bypass source of high quality protein were

1dentified.

Materials and Methods

Thirty samples of full-fat and solvent extracted soybean meals which were
heat treated under controlled manufacturing conditions were examined by
laboratory and in situ procedures to identify the potential impact of specific
factors on protein and total tract digestibility. Solubility in .15 M NaCl (Waldo
and Goering, 1979) was measured and 1n situ dacron bag procedures were used to
evaluate each sample. Decreased solubility and 1n situ disappearance were used as
predictors of potential ruminal protein escape. Pepsin insoluble nitrogen, an index
of indigestibility also was measured (A.0.A.C., 1975). Response surface
methodology (RSM) was used to determine the optimum combination of
manufacturing conditions to minimize each of these variables (SAS, 1979).
Conditions tested included three steam turn rates, three different die openings
(number of holes 1n extruder die) and three different feed rates (RPM). Of the 27
potential combinations of factars, fifteen were tested with full-fat soybean meals
(Table 1) and fifteen different combinations were tested with solvent extracted

meals (Table 2).
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For in situ measurement, subsamples weighing approximately 1 g were
placed in 8 x 12 cm dacron bags with pore sizes between 50 and 75 microns. Bags
were constructed from dacron cloth (100% dacron polyester, R102 Marvelaire
White; Erlanger, Blumgart and Co., Inc., 1450 Broadway, New York, New York
10018) due to success in previous studies (Weakley, personal communication). A
single piece of dacron cloth measuring approximately 16 x 24 cm was folded 1n
half and double sewn along two of the open edges with polyester thread. The
substrate samples were 1nserted through the top of the bag.

Waterproof glue (Duco cement, DuPont Co., Wilmington, DE 19898) was
applied to the sewn area to prevent particulate loss through the needle holes. All
cut edges were singed with a hot spatula to prevent fraying in the rumen. Bags

had a surface area of approximately 192 cm2

. Prior to filling, bags were machine
washed and dried for 24 h at 100C, cooled in a dessicator and weighed. After
addition of samples, bags were tied with nylon yarn. Bags were individually tied
to the end of a 60 cm yarn cord and grouped by time. Individual bags were labeled
with a waterproof marker. Approximately 5 cm from the end of the cords a 30 g
steel nut was used to weigh the bags and cord.

Sample bags in duplicate were incubated in the ventral sac of the rumen for
4, 12, and 20 h. Bags were washed under a stream of tap water (approximately
26C) until rinsing water was clear. Washing time averaged approximately 150
sec/bag. Bags were dried in a forced air oven for 48 h at 60C, cooled in a
dessicator and weighed.

For in situ incubation, one lactating ruminally cannulated cow approximately
700 kg was fed a diet consisting of 50% concentrate, 30% sorghum silage and 20%
alfalfa hay (Table 3). Feed composition was limited to 3% body weight per day In

two meals daily (0400 and 1600 hours). To standarize time after feeding effects,

bags were introduced together and withdrawn at respective times.
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Nitrogen by macro Kjeldahl N analysis, and dry matter determination
followed A.O.A.C. (1975) procedures. Disappearance of dry matter (DM) and

nitrogen (N) were calculated as follows:

% DMD = [initial substrate dry wt - residual dry wt] x 100/

initial substrate dry wt

% ND = [initial substrate N content - residual nitrogen content] x 100/
initial substrate N content

Results and Discussion

Manufacturing variables studied with the full-fat soybean experiment
included die size, number of turns on the steam valve and feed rate measured in
rpm. Nitrogen solubility for the full-fat soybeans ranged from a low of 7.1 for the
840 die size, 16 turns on the steam value and 13 RPM feed rate to a high of 14.4
for the 588-6-10 treatment (Table 4). Only sight differences in dry matter and
nitrogen disappearance occurred at any time, though all processed samples were
less digested than the control sample after 12 h of digestion. There was a
negative correlation between Pepsin Insoluble Nitrogen (PIN) and N solubility (1‘2 =
-47; P .01). (Plots vs time and correlations in Appendix A.)

Response surface methodology was used to prepare plots (Figures 1 - 3) to
determine the optimum conditions. To minimize nitrogen solubility the optimum
combination was the 840 die, 5 to 8 steam value turns with a feed rate of 14 to
16. The only variable contributing significantly to N solubility (Table 5) was the
number of holes in the die (P .01). Based on these and other results, the 840 die
was used I1n preparing the meals used 1n animal feeding studies and 1n tests with
SBM. Additional laboratory analyses of the meals were conducted (Table 6).
Values obtained were within expected ranges though extrusion conditions would

not be expected to alter nutrient compaosition. Drops in fiber and ash content and
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increases 1n ether extraction with extrusion were surprising and deserve further
attention. These changes indicate that laboratory results vary with feed
processing conditions. Whether nutrient availability 1s similarly altered has not
been determined.

Analytical results with extruded 44% protein solvent-extracted soybean are
presented in Table 7. The different processing conditions employed resulted In
only small changes in the variables measured. Nitrogen solubility ranged from 5.9
to a 10.9 and PIN from 8.6 to 11.6. Stepwise regression revealed that several
factors contributed to N solubility. These were: temperature (P < .01), water
(P < .01), water x feed rate (P < .0l) and steam x feed rate (P < .01). The RSM
contour plots for the full-fat soybean experiment indicate again that the 840 die
was the optimum size. Though statistically significant, numerical differences
obtained from these various processing conditions were quite small. A
temperature change of 28C changed dry matter and nitrogen disappearance by a
mean of only 1 percent point. Though statistically significant (P < .01) the
practical significance of this change 1s questionable. On the basis of the
laboratory data none of the combination of processing conditions tested would not
be expected to increase ruminal escape of SBM. More extreme conditions would
be needed. Protein, fiber, calcium, ether extract, and dry matter contents of
treated meals are shown in Table 8. Analyses all fall within the respective ranges
expected for 44% solvent-extracted SBM. Addition of water, especially with
higher steam rates, decreased moisture content of the extruded meal.

In conclusion, neither the full-fat soybean meal nor 44% solvent-extracted
meal was sufficiently altered by processing conditions to alter their ruminal
escape characteristics. Additional laboratory and pilot-plant scale investigators
are needed to determine how more extensive processing would alter the feeding

and bypass value of soybean meal. With current manufacturing procedures, 1t may
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not be economically feasible to produce a soybean meal with greater ruminal
escape. The addition of new innovative manufacturing procedures, possibly
employing added chemicals, might yield a more functional ruminal escape

soybean meal which would be more useful than conventionally processed SBM.



Table 1. SAMPLE PREPARATION OF FULL-FAT EXTRUDED SOYBEANS °
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Die Opening, 1/8" Holes 840 588 336

Steam, Turns 6 1 16

Feed Rate, RPM 10 13 16

Sample

No. Die Steam Feed Rate
1 840 16 13
2 840 6 13
3 840 11 10
L 840 11 16
5 588 16 10
6 588 6 10
7 588 16 16
8 588 6 16
9 588 11 13
10 588 11 13
11 336 16 13
12 336 6 13
13 336 R 10
14 336 11 16
15 588 11 13

%Test substrates provided by Farmliand Industries, Kansas City,

Missouri.



Table 2. SAMPLE PREPARATION OF EXTRUDED 44 PERCENT SOYBEAN MEALa

840 Die Opening, 1/8'" Holes

Water, % 45 60 75

Steam, Turns 9 14 19 Head

Feed Rate, RPM' 8 10 12 Temp. °

Sample
No. Water Steam Feed Rate
1 45 9 10 160
2 75 9 10 160
3 45 19 10 154
4 75 19 10 141
5 45 14 8 138
6 75 14 8 132
7 45 14 12 157
8 75 14 12 160
9 60 9 8 154
10 60 19 8 141
11 60 9 12 163
12 60 19 12 149
13 60 14 10 149
14 60 14 10 154
15 60 14 10 141

3Test substrates provided by Farmland Industries, Kansas City,
Missouri.
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Table 3. INGREDIENT COMPOSITION OF DIET DRY MATTER FOR COW IN IN SITU
DIGESTION@ DACRON BAG EXPERIMENT —

Ingredient IRN %
Corn, ground 4-21-018 25.0
Soybean meal 5-04-604 11.25
Sorghum, grain 4-04-383 8.75
Molasses, cane 4-04-696 3.75
Dicalcium phosphate 6-01-080 1.0
Salt, trace mineral® .25
Sorghum silage 3-04-468 30.0
Alfalfa hay, chopped 1-00-063 20.0

8contained 14.9% crude protein.

b .
International reference number.

“Morton Salt Co., Chicago, IL 60606; contained, as a percentage:
NaCl not more than 97%, not less than 92%.



Table 4. DISAPPEARANCE OF DRY MATTER AND NITROGEN (N) FROM DACRON BAGS AND PEPSIN INSOLUBLE N AND N SOLUBIL-
ITY OF FULL-FAT EXTRUDED SOYBEANS

Dry Matter Ni trogen
Disappearance Disappearance Pepsin?
Sample Nitrogen® Exposure Time, Hr. Insoluble
No. Solubility 0 4 12 20 0 L 12 20 Nitrogen
_______________________________________________ Y m e o mm e mmm e mm e e e e m e m e mmmmmmm e

2

2 7.1 36.6 43.9 58.1 77.2 11.2 17.1 27.2 55.3 9.9
3 8.7 32.0 43.6 57.7 73.2 6.9 18.3 30.3 50.9 10.9
4 7.1 35.4 43.2 56.1 72.3 11.7 17.2 26.7 k6.7 9.7
5 11.8 36.3 L7.7 60.2 73.3 13.4 22.0 33.6 49.5 9.7
6 14. 4 42.3 48.4 64.8 75.9 26.3 18.0 34.7 4L8. 4 8.7
7 11.1 4o.3 49 .3 60.4 73.1 16.0 20.6 31.2 48.0 9.2
8 8.3 42 .9 51.2 63.7 70.6 17.5 241 34.7 L3.0 9.4
9 8.4 L2.7 L. 7 56.8 68.7 14.3 17.4 30.1 L6.7 10.9
10 10.6 52.4 56.2 59.2 72.7 25.7 33.6 33.5 52.0 10.6
11 12.3 39.9 48.2 59.4 7h.7 17.9 24.8 36.2 59.6 10.4
12 12.0 Ly 6 52.7 64.4 76.1 20.7 24 .6 33.9 52.6 9.0
13 11.2 39.9 L7 .1 58.0 70.1 14.8 22.1 32.6 48.0 10.0
14 13.1 43.9 45 .3 57.2 69.7 19.4 22.4 33.1 k9.2 12.4
15 9.3 37.1 45.3 58.0 72.4 14.8 18.1 28.6 48.6 7.6

a

bSample No. 1 molded prior to analysis.

% of total N; sample ground through 2 mm screen.

e



Table 5. RELATIONSHIP OF PROCESSING CONDITIONS TOaNITROGEN
SOLUBILITY OF FULL-FAT EXTRUDED SOYBEANS

Parameter Coefficient Probability
Die 2.29 .004
Steam .1125 NS
Rate - .83 4
Die2 - .55 NS
Die Steam* - .025 NS
Steam2 .845 NS
Die Rate* .90 NS
Steam Rate* 1.35 NS
Rate2 1.12 NS
R = .88

CVv = 12.99%

¥statistical analysis provided by Farmland Industries,
Kansas City, Missouri.

43



Table 6. LABORATORY ANALYSES OF FULL-FAT EXTRUDED SOYBEANS®

2

Sample b Ether Dry
No. Treatment Protein Fiber Ash Calcium Phosphorus Extract Matter
1 840/16/13 34.90 5.57 5.54 .48 .50 20.28 87.85
2 840/6/13 37.20 5.40 5.65 b6 .52 21.35 93.15
3 840/11/10 36.20 5.07 8.49 47 .51 23.36 92.34
4 840/11/16 36.30 9.79 5.45 .49 .51 22.44 92.73
5 588/16/10 38.50 L. 87 6.26 .49 .53 19.64 91.9
6 588/6/10 35.80 5.38 6.21 .49 .51 24,80 92.99
/ 588/16/16 35.60 5.42 5.79 .43 .54 21.50 93.9
8 588/6/16 38.10 L .66 6.85 .48 .53 23.49 94,21
9 588/11/13 36.20 5.16 5.83 .48 .51 21.43 91.34
10 588/11/13 35.90 6.1 5.78 .49 .51 21.96 91.47
11 336/16/13 37.75 6.03 6.38 47 .59 22.40 92.74
12 336/6/13 37.85 4.57 6.25 .46 .57 21.06 90.22
13 336/11/10 35.20 5.85 5.71 .52 .54 20.42 93.10
14 336/11/16 36.70 5.29 6.02 .48 .52 21.19 94 .26
15 588/11/13 35.30 5.60 6.02 b9 .50 24.75 92.58
16 Untreated® 35.30 1.4 7.97 .49 .53 19.27 95.51

aAnalyses on dry matter basis provided by Farmland Industries, Kansas City, Missouri,
bNumber of 1/8" holes in die/steam turn, rate/feed rate, rpm.

CComposite of above samples prior to treatment.

h



TABLE 7. DISAPPEARANCE OF DRY MATTER AND NITROGEN (N) FROM DACRON BAGS AND PEPSIN INSOLUBLE N AND N SOLU-
BILITY OF EXTRUDED 44 PERCENT SOLVENT-EXTRACTED SOYBEAN MEAL

Dry Matter Ni trogen

Disappearance Disappearance Pepsina

Sample Nitrogena Exposure Time, Hr. Insoluble

No. Solubility 0 4 12 20 0 I 12 20 Nitrogen

__________________________________________________ 0'6 e e e e e e e . — — ———_—— — ———— = —
] 10.6 26.6 35.7 48.0 56.6 6.5 15.0 20.9 27.0 10.7
2 8.3 25.9 34.6 48.9 55.9 6.5 14.1 19.1 33.8 10.6
3 9.4 28.7 38.1 45.0 59.5 10.7 21.3 19.1 39.5 9.5
4 8.4 28.5 33.2 45 .9 59.6 8.2 9.0 19.7 34.8 9.8
5 8.2 34.2 35.4 42.7 59.8 9.6 11.8 25.0 27.5 11.6
6 7.0 25.1 33.6 L6 .1 60.7 4.8 13.6 21.2 36.1 12.3
7 10.0 28.5 34.9 56.1 55.5 7.8 13.9 30.1 25.9 10.8
8 10.1 21.7 35.8 L9.7 56.9 5.0 15.0 20.4 30.2 10.9
9 8.7 27.5 36.1 L4y 9 58.1 7.7 15.5 17.5 31.8 9.7
10 7.5 25.6 29.3 37.9 57.1 3.7 6.8 17.4 34.6 10. 4
11 10.8 33.3 33.6 L4y 0 52.6 7.3 11.3 22.3 27.4 9.7
12 10.9 28.7 35.4 46.3 57.4 14.1 18.2 20.7 31.7 8.6
13 7.6 32.0 33.2 45.6 52.8 7.6 9.7 24 .4 27.5 9.3
14 10.1 32.0 34.6 2.7 53.8 7.8 13.6 20.0 30.3 10.0
15 5.9 30.8 36.3 4.6 57.4 5.4 13.0 14.3 28.8 11.3

o

of total N; sample ground through 2 mm screen.

S



Table 8. LABORATORY ANALYSES OF EXTRUDED 44 PERCENT SOLVENT-EXTRACTED SOYBEAN MEAL®
%
Sample b Ether Dry
No. Treatment Protein Fiber Calcium Phosphorus Extract Matter
1 45/9/10 53.68 2.29 .75 .88 1.87 98.21
2 75/9/10 51.72 3.28 .62 .84 1.96 94.79
3 L5/19/10 53.51 2.38 .59 .84 1.31 97.35
L 75/19/10 51.21 2.99 .61 .81 1.39 93.29
5 45/14/8 54.13 2,67 .52 .79 2.62 97.68
6 75/14/18 48.83 3.69 .52 .72 1.81 98.88
7 Ls/14/12 54,48 1.72 .61 .86 1.66 98.96
8 75/14/12 52.56 3.13 .60 .83 1.52 95.36
9 60/9/8 53.30 2.65 .50 .79 1.56 98.53
10 60/19/8 L7.76 2.73 .60 77 1.59 92.85
11 60/9/12 53.07 2.14 .53 .79 1.54 97.14
12 60/19/12 51.58 3.66 .59 .80 1.27 93.54
13 60/14/10 53.28 3.39 .55 .80 2.00 97.15
14 60/14/10 53.52 2.68 .56 .82 1.45 96.02
15 60/14/10 53.00 3.37 .61 .84 3.37 97.16
16 Untreated® 49.06 3.68 .30 .67 1.70 90.07

aAnalyses on dry matter bases provided by Farmland Industries, Kansas City, Missouri.
bWater percentage/steam turn, rate/feed rate, rpm with die size 840.

c . .
Composite of above samples prior to treatment.

9
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Figure 1. The Influence of Extruding Full-Fat Soybeans on
Percent Estimated Nitrogen Solubility
Die = 336 (Contour Plots Provided by Farmland
Industries, Kansas City, MO)
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CHAPTER IV

FEEDING VALUE OF HEAT-TREATED SOYBEAN
MEAL FOR LACTATING DAIRY COWS IN A

SWITCHBACK EXPERIMENT
Summary

Twenty-four lactating dairy cows (8 to 9 wks postpartum) were utilized 1n a
switchback feeding trial to evaluate the application of heat-treatment of soybean
meal (SBM) on animal performance. Feed grade soybean meal with a protein
dispersion index of 40 (PDI-40) and SBM which had been more extensively heated
(PDI-10) were compared. Diets contained either feed grade SBM, heat-treated
SBM (HSBM) or HSBM with 0.3% urea added. SBM protein accounted for
approximately 41% and 45% of total protein intake for cows fed the feed grade
SBM and HSBM, respectively. Protein intake averaged 99, 98 and 114% of NRC
(1978) feeding standards during feeding periods for SBM, HSBM and HSBM plus
urea. Dry matter intake and milk yield and composition were similar for all
treatments though cows receiving the HSBM tended to gain body weight.
Production efficiency (milk/feed intake) was similar for the three treatments
(1.38, 1.37 and 1.38). Rumen ammonia levels were elevated in the HSBM plus urea
group (11.8 mg/dl versus 8.8 mg/dl and 8.9 mg/dl for SBM and HSBM cows). Heat
treatment of soybean meal i1n this experiment did not improve its feeding value
for lactating cows. Failure of heat treatment to affect ruminal ammonia values
or on in situ digestion rate infers that the degree of heat-treatment used in this

study did not reduce ruminal degradation of SBM.

(Key Words: Soybean meal, Processing, Protein, Ruminants.)
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Introduction

High quality feed proteins can be used more efficiently for milk production
when a large portion of the protein 1s protected from ruminal degradation yet 1s
digested in the small intestine. When proteins or amino acids have been infused
abomasally, milk production often has been increased (Griel, 1968; Bishop, 1971;
Schwab et al., 1976; Clark, 1975). Production also has been increased by
formaldehyde treatment (Reid et al., 1971; Mueller et al., 1975; Verite et al.,
1977), and by diets formulated to contain less of the total protein as soluble
protein (Braund, 1978; Majdoub et al., 1978; Mielke and Schingoethe, 1979; Block
et al.,, 1980; Netemeyer et al.,, 1982). Protein degradation in the rumen 1s
partially related to solubility (Glimp et al., 1967; Little et al., 1963; Poos-Floyd et
al.,, 1984). Consequently, reducing the solubility of proteins may improve the
quantity of protein available to the small intestine for digestion and absorption
and could potentially increase milk yield.

Increased ruminal escape of protein 1s most desirable when protein demand
1s highest as 1s the case for young growing ruminants and for high producing dairy
cows early in lactation as reviewed by Broster (1972), Clark and Davis (1980) and
Huber and Kung (1981). Heat treatment has been reported to reduce protein
solubility and microbial degradation of SBM (Netemeyer et al.,, 1982) and may
shift the site of digestion. Unless increased production is obtained from heat
treatment of the protein, such alteration i1s useless. When ruminal protein escape
1s 1ncreased, ruminal bacteria may be potentially starved for ammonia. The
addition of urea to the diet could meet this need.

The objective of this study was to measure milk production response to heat

treatment of SBM with or without addition of urea.
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Materials and Methods

Heat-treated soybean meal (SBM) and conventionally processed SBM were
supplied by a commercial manufacturert to compare their feeding value for
lactating dairy cows. Both meals were processed by conventional procedures
through to the oil extraction step. Following extraction, the solvent was removed
by a flash desolventizing method 1involving 3 to 10 seconds of exposure to
superheated (176C) hexane vapor. Meals were then subjected to temperatures
ranging from 79 to 115C and up to 704 g/cm2 of steam. SBM retention time in the
cooker unit was approximately 30 minutes. Meals were further characterized by
measuring the Protein Dispersibility Index (PDI, Paulsen; 1968). PDI is a
measurement of the degree of heat treatment as described by A.O.C.S. (1969).
The greater the heat treatment, the lower the PDI. Control SBM had a PDI of 40
and heat-treated SBM had a PDI of 10. Soybean meals were further characterized
by the 1n situ dacron bag procedure and evaluated using lactating dairy cows in a

feeding trial.

In Situ Experiment

An 1n situ dacron bag procedure was employed to compare nitrogen and dry
matter disappearance of soybean meals designated PDI-10 or PDI-40. Substrate
samples weighing approximately 7 grams were placed in 17 by 9 cm bags with pore
size between 50 and 75 microns. Bags were made from dacron cloth (100% dacron
Polyester, R102 Marvelaire White; Erlanger, Blumgart and Co., Inc., 1450
Broadway, New York, New York 10018) based on success In previous studies

(Weakley, personal communication). Bags were constructed from a single piece of

lrarmland Industries, St. Louis, MO.
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material measuring approximately 17 x 18 cm that was folded in half and double
sewn along two of the open edges with polyester thread. The top was left open for
sample insertion into the bag.

Water-proof glue (Duco cement, DuPont Co., Wilmington, DE 19898) was
applied to the stitched area to prevent loss of small particles through the needle
holes. All cut edges were singed with a hot knife to prevent fraying in the

2. Prior

rumen. The constructed bags had a surface area of approximately 306 cm
to filling, bags were machine washed and dried for 24 hrs at 100C, cooled in a
dessicator and weighed. After addition of samples, bags were tied with nylon
yarn. Bags were individually tied to the end of a 60 em yarn line and grouped by
time. Individual bags were labeled with a waterproof marker. Approximately 5
cm from the end of the line, a 30 g steel nut was tied to weigh the bags down.

Three substrates were investigated. These included two soybean meals
received from the commercial manufacturer plus a feed mill source of soybean
meal (FSBM) obtained from the University feed mill. The two meals supplied by
the manufacturer were identified by manufacturing treatment, i.e.,, CSBM
(conventionally processed SBM) and HSBM (heat treated SBM).

Sample bags 1n duplicate were incubated in the ventral sac of the rumen for
4, 12 and 20 h. Bags were introduced at the same time and retrieved 4, 12 and 20
h later. Bags were washed under a stream of tap water (approximately 26C) until
the rinsing water was clear. Washing time averaged approximately 150 sec/bag.
Bags were dried in a forced air oven for 48 h at 60C, cooled in a dessicator and
weighed.

For incubation of samples in bags, one lactating ruminally cannulated cow
weighing approximately 700 kg was fed a diet consisting of 60% concentrate, 28%

sorghum silage and 12% prairie hay (Table 1). Feed was available ad libitum (3%
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DM body wt). Fresh feed was fed three times each day at 0300, 1100 and 1900
hours to stabilize ruminal conditions.

Nitrogen, by macro Kjeldahl N analysis and dry matter determination
followed A.0.A.C. (1975) procedures. Disappearance of dry matter (DM) and

nitrogen (N) were calculated as follows:

% DMD = [1nitial substrate dry wt - residual dry wt] x 100/
initial substrate dry wt

% ND = [1nitial substrate N content - residual nitrogen content x 100/
in1tial substrate N content ]

Lactation Experiment

The two soybean meals were included i1n the concentrate portion of the
complete diets for lactating cows (Table 2). The concentrate portion of the diet
was mixed fresh each week of the study. Diets contained either feed grade SBM
(PDI-40), heat treated SBM (PDI-10) or heat-treated SBM with .3% added urea.
Diets were formulated to provide 1.7 Mcal net energy for lactation (NEl) per kg of
dry matter. Diet dry matter consisted of 60% grain mix, 28% sorghum silage and
12% sudangrass hay.

Prior to 1nitiating the study, twenty-four cows (20 Holsteins, 4 Aryshires)
were challenge fed a 60:40 concentrate to forage ration for a period of 2 to 4-wk
and cows were started on test diets from 8 to 9-wk postpartum. At the end of the
adjustment period cows were randomly assigned to treatments employing a Lucas
switchback design (Lucas, 1956) with 4-wk periods. To minimize carryover
effects, the data collected during the first week of each period were not included

1n calculations.
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Feed provided was limited based on size of cow, age and production during
the preliminary period. Feed allowance was decreased by 5% at the end of each
period based on the anticipated decrease in milk production over time, though
diets were formulated to provide 85% of the protein specified by the National
Research Council (NRC, 1978). Calculating back from production, protein intake
averaged 92, 98, and 110% of listed requirements during the first, second and third
experimental periods. Decreasing the feed allowance by only 5% at the start of
the second and third 4-wk periods was not sufficient to maintain protein intake at
the desired level since milk production persistency and yield was less than
expected. Over the entire experiment, protein intake averaged 99, 98 and 104%
of NRC requirements for the reqular soybean meal, heat-treated SBM and heat-
treated plus urea diets, respectively.

Cows were fed equal amounts twice daily of the allotted concentrate and
sorghum silage portions of the total ration. Once daily, cows were individually fed
their allottment of sudangrass hay. Cows were welighed on three consecutive days
at the end of the preliminary period and at the end of each experimental period.
Each day that feed was refused, 10% of the weighback was collected and
refrigerated. At the end of each week, weilghbacks were composited and
sampled. Composite feed and ort samples were dried to a constant weight at 40C,
ground n a Wiley mill (2mm screen) and sampled for dry matter and total protein
determinations (A.0.A.C., 1975).

Samples of the concentrate mixtures, sorghum silage and sudangrass hay also
were collected each week and analyzed for dry matter and total protein. Milk
yields were recorded twice daily and samples were collected from four
consecutive milkings each week, composited by volume and analyzed for milk fat

and total protein. A Mark II Milk-O-Tester (A/S N. Foss Electric, Denmark) was
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used to measure milk fat. Milk protein percentages were determined during the
fourth week of each period by the Kjeldahi method (A.O.A.C., 1975).

Ruminal fluid samples were collected during the last three days of each
period by stomach tube at 2 h after feeding. Samples were strained through four
layers of cheesecloth, acidified by addition of 1 ml 20% H,SO,per 50 ml strained

fluid, and analyzed for ammonia-N content (Chaney and Marback, 1962).
Results and Discussion

In Situ Experiment

The extent of heat-treatment and manufacturing conditions presumably
affected the outcome of this experiment. The solubility of nitrogen in .15 M NaCl
was 7.6% of total nitrogen in the more extensively heat-treated soybean meal
compared with 13.9% for the regular soybean meal. These differences are much
smaller than a previous trial (Netemeyer et al.,, 1982) in which nitrogen (N)
solubility was reduced from 24.6% of total N to 8.1% by heat treatment. In situ
disappearance of dry matter (DM) and nitrogen (N) from CSBM and extra heat
SBM (HSBM) were not significantly altered (P > .05) by heat treatment (Table 3),
although DM and N disappearance rates tended to be higher for HSBM than FSBM
or CSBM. Hence, the heat treatment might not be expected to reduce ruminal
degradation of protein. Such variations 1n soybean meal solubility due to
manufacturing and heat treatment conditions must be controlled to provide a
consistent animal response. PDI alone appears inadequate as a measure of 1n situ

disappearance rate.

Lactation Experiment

Dry matter intakes (Table 4) by cows were not different (P >.05) for soybean

meal treatment groups. Soybean meal protein provided 41% of the total protein
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intake of cows fed the untreated soybean meal and 45% of the total protein intake
of cows fed HSBM. Soybean meal protein in the HSBM plus-urea ration accounted
for 36% of the total crude protein. In all groups, soybean meal protein was
considered to be at a high enough percentage of the total protein to influence
production though protein intakes were 92, 98 and 110% of that listed by the NRC
(1978) as being required for the levels of production obtained. Urea was added to
the heat-treated SBM to provide additional available N 1n case heat treatment
reduced ruminal ammonia availability which could potentially starve ruminal
microbes.

Milk yield and composition were not affected by alteration of dietary
protein (Table 5). This result contrasts with previous findings in which milk yield
of cows fed more extensively heated soybean meal was higher than that of cows
fed regular soybean meal (Netemeyer et al.,, 1982). Efficiency of production
milk/kg DM consumed 1n their trial was significantly improved (P > .05) in the
lower protein group receiving 94% of NRC (1978) requirements for protein. In this
trial, dietary crude protein intake for the heat-treated soybean meal group
averaged 98% of NRC requirement.

Ahrar and Schingoethe (1979) reported that heat-treatment of SBM
increased milk production slightly during the first 8-wk of lactation when protein
intake was limited but not in the latter part of lactation when protein intake
exceeded requirements. Hence, stage of lactation may alter response. In a
switchback experiment by Mielke and Schingoethe (1981) milk yield of cows past
peak production also was not altered by heat treatment of SBM.

One can examine these results by period, as well. During the first period of
this trial, when protein intake averaged only 92% of requirements, milk yields,
adjusted by covariance analysis for differences in pre-trial yields, were 26.7, 27.8

and 26.2 kg/day for the regular soybean meal, heat treated soybean meal and heat
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treated soybean meal plus urea groups, respectively. Though differences were not
significantly different, treatment trends support the concept that heat treatment
was more effective early 1n lactation when protein requirements would be higher.

Differences in body weight change between SBM treatment groups were not
statistically different (P > .10). During early lactation, lactating cows mobilize
protein reserves to meet the protein demands for milk production. Repletion of
these reserves should be more rapid if protein quality or quantity is increased. In
1985 ¢rskov observed that in experiments conducted with cows maintained by
intra-gastric infusion early in lactation, an increase in the supply of protein to the
intestines caused no response in blood insulin. Later in lactation, insulin responses
were apparent. Increased insulin would be expected to increase weight gain.
Ruminal ammonia concentrations (Table 4) were not altered by heat treatment of
SBM but were increased by addition of urea to the diet. With all diets, ruminal
ammonia concentrations at the times sampled exceeded those generally
considered necessary to maximize microbial protein synthesis (Satter and Roffler,
1975). Ruminal ammonia concentrations for the PDI-10 and PDI-40 diets were
similar. If degradation of dietary protein in the rumen was reduced by heat
treatment, ruminal ammonia level should be reduced. Since it was not reduced,
one might suspect that heat treatment did not greatly alter ruminal protein
degradation of SBM.

In summary, milk yield by cows in this trial was not increased by feeding a
more extensively heated SBM. Ruminal escape was not increased by heat
treatment since ruminal ammonia concentrations were not altered. The control
soybean meal 1n this study had a relatively low solubility 1n saline solution.
Though solublility was slightly reduced by heat treatment, extent of ruminal
proteolysis as measured in situ was decreased. Complete in vitro and in situ

appraisal of responses 1n protein supplements to heat-treatment and
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manufacturing conditions should precede extensive and expensive lactation trials

with treated materials.



Table 1. [INGREDIENT COMPOSITION AND PROTEIN CONTENT OF DIET USED FOR
COWS IN IN SITU DACRON BAG EXPERIMENT®

60

b

Ingredient RN %
Corn, ground 4-21-018 30.0
Soybean meal 5-04-604 13.5
Sorghum, grain 4-04-383 10.5
Molasses, cane L-04-696 4.5
Dicalcium phosphate 6-01-080 1.2
Salt, trace mineral® .3
Sorghum silage 3-04-468 28.0
Prairie hay 1-03-191 12.0
Protein, % of DM 13.6

aDry matter basis

b .
International reference number

“Morton Salt Co., Chicago, IL 60606; contained as a percentage:

NaCl not more than 97%, not less than 92%.



61

Table 2. INGREDIENT COMPOSITION AND CHARACTERISTICS OF DIETS®

b Treatment
| tem IRN SMB HSBM HSBM+Urea

Ingredients, %

Corn, ground 4-21-018 L7 .4 L7 .4 LY
Soybean meal (PDI-40) 5-04-604 11.1 | -- --
Soybean meal (PDI-10) 5-04-604 -- 1.1 11.1
Urea 0 0 .3
Dicalcium phosphate 6-01-080 .6 .6 .6
Limes tone 6-02-632 .6 .6 .6
Salt, trace mineral® .3 .3 .3
Sorghum silage 3-04-468 28.0 28.0 28.0
Sorghum sundangrass 3-04-499 12.0 12.0 12.0
Protein, % of DM 14.4 14.2 15.1
SBM-N solubility in .5M NaCl 13.9 7.6 --
NE, (MCal/kg of DM) 1.70 1.70 1.70

aDry Matter Basis.
blnternational reference number.

“Morton Salt Co., Chicago, IL 60606; contained as percentage: NaCl
not more than 97%, not less than 92%.
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Table 3. DISAPPEARANCE OF DRY MATTER (DM) AND NITROGEN (N) FROM SOYBEAN
MEAL TYPES (SBM) PLACED IN DACRON BAGS AND SUSPENDED IN THE

RUMEN
Exposure SBM Type
Time, h FSBM HSBM CSBM
Dry matter 0 28.4 26.6 23.9
Disappearance, %= I 35.3 35.1 34.9
12 45.6 48.6 48.3
20 69.0 69.6 69.6
Residue slopes,
%/hP - 2.1 - 2.2 - 2.
%/h" - 4.6 - 4.7 - 4.8
Ni trogen 0 6.2 12.6 8.5
Disappearance, %2 4 17 .4 18.8 11.0
12 29.5 32.4 24,
20 49 .8 64.5 48.6
Residue slopes,
%/h° - 2.0 - 2.9 - 2.4
%/h° - 3.1 - 4.3 - 3.4

aEach value is the mean of two observations.
bLinear

CLogarithmic



Table 4.

TOTAL FEED AND TOTAL PROTEIN INTAKE PERCENT CONCENTRATE AND SOYBEAN PROTEIN OF TOTAL DIET, AND
RUMEN AMMONIA AND WEIGHT CHANGE, OF COWS FED HEAT TREATED SOYBEAN MEAL
Treatment
I tem SBM HSBM HSBM+UREA SE
Total dry matter intake, kg/day 17.05 17.15 17.01 .26
Total protein intake, kg/day 2.46 2.43 2.57 .08
Rumen ammonia, mg/d% 8.8 8.9 11.8 .04
Soybean protein/total protein
intake, % 41.0 45.0 36.3 --

€9



Table 5. MILK YIELD AND MILK COMPOSITION OF COWS FED SOYBEAN MEALS CLASSIFIED ACCORDING TO THE PROTEIN DIS-

PERSION INDEX

Treatment

| tem SBM HSBM HSBM+UREA SE
Milk, Kg/Day 23.6 23.5 23.4 .29
Fat, % 3.84 3.80 3.85 .05
Protein, % 3.12 3.11 3.09 .06
FCM 24.8 22.8 22.9 .02
Milk/Feed DM 1.38 1.37 1.38 .01
Body Weight Change, kg/wk .07 + 2.03 - .03 .43

79



CHAPTER V

INFLUENCE OF HEAT TREATMENT OF SOYBEAN MEAL
FOR LACTATING DAIRY COWS IN A
CONTINUOUS FEEDING TRIAL

Summary

Forty lactating dairy cows (4 weeks postpartum) were used 1n a continuous
feeding trial to study soybean meal subjected to extensive heating during
processing (HSBM) versus regularly processed soybean meal. Nitrogen solubilities
of the meals were 11.2 and 19.3% of total nitrogen and rates of in situ N
disappearance were 2.8 and 2.3% h, respectively. Cows were paired within two
production groups (31 to 38 kg/day and 24 to 30 kg/day) based on milk yield during
the preliminary period and were fed a 60:40 concentrate to forage ration
composed of corn grain, sorghum silage and prairie grass hay. Soybean meal
protein provided approximately 53% of the total protein consumed by the high
production group and 47% for the lower production group. Dry matter intake,
milk yield and composition were similar within production groups, but there was a
trend toward higher milk yield by high producing cows fed HSBM (33.5 versus 31.0
kg/day). No production response was observed with the lower production cows
(25.1 versus 25.9 kg/day). Weight change was positive and similar for cows fed

both meal types.

(Key Words: Soybean meal, Processing, Protein, Ruminants.)
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Introduction

Demands for nutrients for milk synthesis are especially high for dairy cows
during the first 8 to 10 weeks of lactation. During this time, most cows are not
able to consume enough dry matter to support maximum milk production (Bines,
19763 Clark and Davis, 1980; Huber and Kung, 1981) which results in mobilization
of energy and protein reserves from the body (Botts et al., 1979). Cows should be
most responsive during this period to an improved protein status. Alternative
sources of protein have elicited improvements during this period (Grummer and
Clark, 1982; Santos et al., 1984). One avenue to improve protein status is to treat
soybean meal to increase the fraction of protein which escapes ruminal
destruction without reducing protein digestion in the small intestine (Crooker et
al., 1983; Brookes, 1984; Vicente, 1984; Sahlu, 1984).

Heat treatment of high quality proteins can reduce protein solubility and
increase performance of growing and lactating ruminants (Glimp et al., 1967;
Nishimuta, et al., 1974; Schingoethe and Ahrar, 1979) but responses have not been
observed consistently (Chapter IV). The objective of this study was to compare
production of lactating cows fed regular processed soybean meal with production
of cows fed more extensively heat-treated soybean meal. Experimental designs
may alter sensitivity of this comparison since protein requirements of lactating
cows decrease rapidly as milk production declines. Hence, a continuous feeding

study was used 1n this study.
Materials and Methods

Soybean meals subjected to conventional processing and extra heat

treatment were supplied by a commercial processor.l The two soybean meals

lrarmland Industries, St. Louis, MO.
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were manufactured by commercial methods through the o1l extraction step.
Following extraction, the solvent was removed by flash desolventizing involving 3
to 10 seconds of exposure to superheated (177C) hexane vapor. Cooker
temperature ranged from 79 to 116C with a maximum steam pressure of 704
g/cmz. Meals were subjected to approximately 30 minutes of processing in the
cooker unit. Meals were classified by the processor as to the Protein
Dispersibility Index (PDI, Paulsen, 1968). Conventionally processed SBM (CSBM)
had a PDI index of 40 whereas the more extensively heated SBM (HSBM) had a PDI
value of 10. The value of extra heat treatment was determined by the in situ
dacron bag procedure and further examined in a continuous feeding trial with

lactating dairy cows.

In Situ Experiment

A dacron bag procedure was used to compare dry matter (DM) and nitrogen
disappearance of the feed grade (FSBM), CSBM and HSBM. Feed grade SBM was
obtained from the University feed mill for comparison with the two meals
received from the commercial manufacturer. Approximately 7 g of SBM were
placed in each 17 by 9 cm bag with pore sizes ranging from 50 to 75 microns.
Bags were constructed from dacron cloth (100% dacron polyester, R102
Marvelaire White; Erlanger, Blumgart and Cao., Inc., 1450 Broadway, New York,
New York 10018). A single piece of dacron cloth measuring approximately 17 x
18 cm was folded in half and double sewn along two of the open edges with
polyester thread. The substrate samples were inserted through the top of the bag.

Waterproof glue (Duco cement, DuPont Co., Wilmington, DE 19898) was
applied to the sewn area to prevent particulate loss through the needle holes. All
cut edges were singed with a hot spatula to prevent fraying in the rumen. Bags

had a surface area of approximately 306 cm2. Prior to filling, bags were machine
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washed and dried for 24 hrs at 100C, cooled 1n a dessicator and weighed. After
addition of samples, bags were tied with nylon yarn. Bags were individually tied
to the end of a 60 cm yarn cord and grouped by time. Individual bags were labeled
with a waterproof marker. Approximately 5 cm from the end of the cords a 30 g
steel nut was used to weight the bags and cord.

Sample bags 1n duplicate were incubated in the ventral sac of the rumen for
4, 12, and 20 h. Bags were washed under a stream of tap water (approximately
26C) until rinsing water was clear. Washing time averaged approximately 150
sec/bag. Bags were dried in a forced air oven for 48 hours at 60C, cooled in a
dessicator and weighed.

For in situ incubation, one lactating ruminally cannulated cow approximately
700 kg was fed a diet consisting of 60% concentrate, 28% sorghum silage and 12%
prairie hay (Table 1). Feed intake was high (3% of body weight daily) and the cow
was fed three times daily at 0300, 1100 and 1900 hours to stabilize ruminal
conditions.

Nitrogen by macro Kjeldahl N analysis, and dry matter determination
followed A.O.A.C. (1975) procedures. Disappearance of dry matter (DM) and

nitrogen (N) were calculated as follows:

% DMD = [1nitial substrate dry wt - residual dry wt] x 100/

initial substrate dry wt

% ND = [initial substrate N content - residual nitrogen content x 100/
initial substrate N content ]

Lactation Trial

Forty lactating dairy cows were used 1n the continuous feeding trial to
compare (1) solvent extracted soybean meal (CSBM) with (2) soybean meal

subjected to more extensive heating during processing (HSBM). These two
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products were mixed into the concentrate portion of diet prior to combining the
complete diet ingredients (Table 2). Cows were divided by production level into
two groups and fed two levels of protein (Table 3) using each of the two protein
sources. Ration dry matter consisted of 60% concentrate mix, 28% sorghum
silage and 12% prairie hay. Test proteins comprised approximately 53% of the
total dietary protein for the high production group and 47% of the total dietary
protein for the lower production group of cows i1n this study but calculated energy
content (NEI) was constant. The concentrate to forage ratio was adjusted to
minimize overfeeding of protein as milk production declined over the lactation
period.

Rations were formulated so that protein intake would be sufficient to meet
90% of the crude protein specified by the 1978 National Research Council (NRC)
feeding standard (Table 4) for all cows. The higher protein diets were fed to cows
initially producing 31 kg or more of milk daily, whereas the lower protein diets
were fed to cows with lower production. For the higher producing cows, crude
protein intakes exceeded NRC (1978) recommendations, especially during the
second 4-wk period of the trial (Table 4). This was because milk yield declined
faster than anticipated for cows fed the higher protein ration.

Approximately 4-wk postpartum, cows were adjusted to a typical dairy
ration of concentrates, sorghum silage and prairie hay with a 60:40 concentrate to
forage ratio and paired within two production groups. The higher production group
consisted of cows producing over 31 kg milk/day during the 5 days prior to
initiating the study whereas cows i1n the lower group produced 24 to 30 kg
milk/day during this period. For treatment comparisons, production was measured
weekly during the 16-wk experiment.

The amount of feed provided was equal to that needed to meet energy

requirements based on size of cow, age and production during the preliminary
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period. The concentrate to forage ratio was adjusted for the entire group of cows
at the end of each period based on the expected decrease in milk production.
Cows recelved their completely mixed ration in individual stalls twice daily.
Enough feed was offered to each cow so that some orts accumulated every day.
When orts exceeded 10% of the feed offered on 2 or 3 days during a given week
for any cow, the amount of feed presented to the cow was reduced.

Orts were collected and refrigerated daily and composited weekly.
Composite feed concentrate mixtures, sorghum silage and prairie hay and orts
samples were dried to a constant weight at 40C, ground in a Wiley mill (2 mm
screen) and sampled for laboratory analyses. Laboratory analyses included dry
matter and total protein (A.0.A.C., 1975). Milk yields of individual cows were
recorded twice daily. Milk samples were collected at four consecutive milkings
each week for milk fat and total protein analysis. Milk fat was determined with a
Mark II Milk-O-Tester (A/S N. Foss Electric, Denmark) and milk protein
percentage was determined during the fourth week of each period by the Kjeldahl
method (A.O.A.C., 1975). Cows were welghed on 3 consecutive days at the end of

the preliminary adjustment period and at the end of each period of the trial.

Results and Discussion

In Situ Experiment

Laboratory analysis failed to detect a quantitatively important difference
between CSBM and HSBM in nitrogen (N) solubility. Nitrogen solubility in .15 M
NaCl (Waldo et al., 1979) was 11.2% of total N 1n the HSBM versus with 19.3% for
the CSBM meal. Though these differences were larger than in a previous study
(Chapter 1V), they were not as large as differences reported by Netemeyer et al.
(1982), 1.e., 8.1 versus 24.6%. The difference between CSBM and HSBM 1n 1n situ

disappearance of dry matter (DM) and nitrogen also were not significant (Table
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5). Heat treatment tended to increase rates of DM and N disappearance. As in
previous work reported in Chapter IV, HSBM had a higher rate of N disappearance

than CSBM.

Lactation Trial

Voluntary dry matter intakes by cows were slightly but not significantly
greater for cows fed HSBM at both production levels (Table 6). Total protein
intake was slightly above NRC (1978) proposed protein requirements for cows at
high production levels and slightly below proposed requirements for lower
producing cows (Table 4). Netemeyer et al. (1982) observed a positive response to
feeding heat treated soybean meal when protein intake exceeded NRC (1978)
requirements by 30%. But in a continuous feeding trial by Grummer and Clark
(1982), milk yields of cows were not altered by nitrogen solubility of soybean meal
flakes.

Gross efficiency of feed utilization for milk production (milk yield per unit
of dry matter consumed) differed with milk production level (Table 6) tending to
be improved by HSBM only with the higher production group. Total milk yield for
the entire experiment was slightly higher for the cows in the high group fed HSBM
than for cows fed CSBM. For cows in the lower production group, daily milk yield
of cows 1nitially assigned to receive HSBM was higher than that of cows fed CSBM
(Figure 1) and no benefit was apparent from the heat treatment of soybean meal.
For the higher production group, milk yield of cows fed both types of SBM were
similar at the start of the trial and yield tended to be higher from cows fed HSBM
(Figure 2). In nine of the ten pairs in the high production group, production was
greater from HSBM than CSBM though the overall treatment means were not
significantly different. Milk composition was not affected by treatment (Table

6). Weight change was positive but similar for cows fed both meal types



72

reflecting that energy intake by cows in all groups was adequate.

In conclusion, heat treatment of SBM tended to increase feed intake and
milk yield without changing milk composition of high producing cows even though
heat treatment failed to reduce degradation rate in situ. Reasons for lack of
benefit at lower production levels remain to be determined. Perhaps protein
requirements specified by NRC (1978) are excessive for low-producing cows but
inadequate for high producing cows. At lower protein levels, increasing protein
escape could be deleterious 1f adequate levels N are not provided for microbial
protein synthesis. Specific procedures to manufacture and pre-test a heat-treated

soybean meal for high producing dairy cows need to be established.
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Table 1. INGREDIENT COMPOSITION AND PROTEIN CONTENT OF DIET DRY MATTER

FOR COW USED FOR IN SITU DACRON BAG EXPERIMENT®

| tem IRND %
Ingredient
Corn, ground 4-21-018 30.0
Soybean meal 5-04-604 13.5
Sorghum, grain 4-04-383 10.5
Molasses, cane L4-0L4-696 4.5
Dicalcium phosphate 6-01-080 1.2
Salt, trace mineral® .3
Sorghum silage 3-04-468 28.0
Prairie hay 1-03-191 12.0
Protein, % of CM 13.6

3Contained 13.6% protein.

b .
International reference number.

“Morton Salt Co., Chicago, IL 60606; contained as a percentage:
NaCl not more than 97%, not less than 92%.
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Table 2°. INGREDIENTaCOMPOSITION AND CHARACTERISTICS OF CONCENTRATE
DRY MATTER

b Protein Group
| tem IRN High Low
Ingredient, %
Corn, ground 4-21-018 66 72
Soybean meal 5-04-604 26 20
Molasses, cane L-0L4-696 5 5
Dicalcium phosphate 6-01-080 1 1
Limestone 6-02-632 ] 1
Salt, trace mineral® 1 1
Calculated composition crude
protein, % 17.8 16.0
Net energy (NER)’ Mcal/kg 1.82 1.83

aDry Matter Basis.
bInternational reference number.

“Morton Salt Co., Chicago, IL 60606; contained as a percentage:
NaCl not more than 97%, not less than 92%.



Table 3. [INGREDIENT COMPOSITION AND CHARACTERISTICS OF DIET DRY MATTER®

Protein Level

b Low High
I tem IRN PDI-40 PDI-10 PDI-40 PDI-10
Ingredient, %
Corn, ground 4-21-018 43.2 43.2 39.6 39.6
Soybean meal (PDI-40) 5-04-604 12.0 -- 15.6 --
Soybean meal (PDI-10) 5-04-604 - 12.0 -- 15.6
Molasses, liquid 4-04-696 3.0 3.0 3.0 3.0
Dicalcium phosphate 6-01-080 .6 .6 6 .6
Limes tone 6-02-632 .6 .6 .6 .6
Salt, trace mineral® .6 .6 6 .6
Sorghum silage 3-04-468 28.0 28.0 28.0 28.0
Prairie hay 1-03-191 12 12 12 12
Measured protein, % DM 14.3 14.6 16.8 17.0
Solubility of SBM-N in .15M NaCl 19.3 11.2 19.3 11.2
NE, (Mcal/kg of DM), calculated 1.68 1.68 1.68 1.68
3Dry Matter Basis. CMorton Salt Co., Chicago, IL 60606; contained, as

a percentage: NaCl not more than 97%, not less than

b .
International reference number. :
92%.
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Table 4. PROTEIN INTAKE OF COWS RELATIVE TO NRC STANDARD

Period of Experimenta

tem 1 2 3 4
_______________________ °/o - o o on = e o " = - = - - - - -

Low Group
SBM PDI-40 75 91 97 85
SBM PDI-10 81 98 107 95

High Group
SBM PDI-40 100 117 104 105
SBM PDI-10 105 115 108 102

¥Each period represents 4 weeks of the trial.
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Table 5. DISAPPEARANCE OF DRY MATTER (DM) AND NITROGEN (N) FROM SOYBEAN
MEAL TYPES (SBM) PLACED IN DACRON BAGS AND SUSPENDED IN THE

RUMEN
Exposure SBM Type

Time, h FSBM HSBM CSBM
DM disappearance, %° 0 29.2 24.8 23.9
L 36.8 38.4 35.1
12 48.7 54.2 48.3
20 70.9 73.8 68.0

Residue slope,
%/hP - 2.1 - 2.2 - 2.1
%5/h° - 4.9 - 5.3 - b4
N disappearance, %2 0 6.0 7.3 8.6
b 12.4 20.5 11.9
12 19.5 32.4 24,5
20 49.8 64.5 k9.1

Residue slope,
%/h° - 2.3 - 2.8 - 2.3
%/h° - 3.5 - 5.0 - 3.4

a . .
Each value is an mean of two observations.
b, .
Linear

CLogarithmic



Table 6. EFFECT OF HEATING SOYBEAN MEAL ON RESPONSES OF COWS
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Production Group

Low High
[ tem CSBM HS BM CSBM HSBM SE

Number of cows 10 10 10 10
Dry matter intake, kg/day 19.6 19.9 22.6 22.9 .33
Total protein intake, kg/day 2.8 2.9 3.8 3.9 .06
Protein intake, % of DM 14.3 14.6 16.8 17.0 --
Weight change, kg/day 43 bk .49 .51 A7
Milk Yield

Milk, kg/day 25.9 25.1 31.0 33.5 31

Fat, % 3.8 3.7 3.6 3.6 06

Protein, % 3.10 3.17 2.96 2.98 05

Milk efficiency 1.32 1.26 1.37 1.46 .01

FCM 25.1 24.0 29.1 31.5 .02
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CHAPTER VI

INFLUENCE OF HEAT TREATMENT OF SOYBEAN MEAL
ON RUMINALNITROGEN ESCAPE AND UTILIZATION

BY LACTATING DAIRY COWS
Summary

Five lactating dairy cows with duodenal T-type cannulas were fed diets
containing either feed grade SBM (CSBM) or heat treated (HSBM) to estimate feed
nitrogen bypassing ruminal degradation under typical production conditions in a
replicated crossover experiment yielding 10 observations per mean. Diet dry
matter consisted of 60% concentrate, 12% prairie hay and 28% sorghum silage
formulated to provide 1.68 Mcal NEI/kg. Nitrogen solubility of the soybean meals
was 11.2 and 19.3% of total nitrogen and protein from SBM accounted for 61% of
the total protein intake. Organic matter digestion coefficients were similar in the
rumen (55.0 versus 52.5), post-ruminally (37.1 versus 37.6) and in the total tract
(72.4 versus 71.5). Dry matter intakes, milk yield and chemical composition were
similar between treatments and total N entering duodenum, microbial N and
ammonia N were also similar. Feed nitrogen escaping ruminal degradation was
slightly higher for HSBM than CSBM diet (58.1 versus 56.1%). The difference
between diet duodenal feed nitrogen divided by amount of feed nitrogen for the
CSBM diet calculates to equal 2.8% higher ruminal protein escape with heat
treatment. Mean cow response with regard to dietary N was similar in the rumen
(34.7 versus 31.8%), post-ruminally (62.7 versus 62.1%) and in the total tract (71.3

versus 69.8 for the CSBM and HSBM diets.). The extra heating of SBM used under

81
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the production conditions of this study did not significantly increase ruminal

escape of feed protein.

(Key Words: Soybean meal, Rumen, Nitrogen bypass, Processing.)

Introduction

Considerable interest has been shown in modifying proteins to increase their
resistance to microbial attack and loss in the rumen (Chalupa, 1975; Huber et al.,
1981; Santos et al., 1984). The value of dietary protein to ruminants 1s influenced
largely by the proportion of the protein escaping ruminal degradation. Heat
treatment may improve protein utilization in ruminants by increasing ruminal
escape. Heat-treated proteins that are relatively resistant to ruminal degradation
yet available in the small intestine are desirable for supplementation of young
growing ruminants and high producing dairy cows (Sherrod and Tillman, 1962;
Mielke and Schingoethe, 1981; Netemeyer et al., 1982).

Solubility was substantially decreased when plant proteins were extensively
heated (Glimp et al., 1967; Nishimuta et al., 1972; Tagar: et al., 1962). Protein
degradation in the rumen also was reduced by heating (Yu, 1978; Broderick and
Craig, 1980; Lindberg et al., 1982). Ruminal degradation of protein in seed meals
can be reduced by supplying extra heat during pressure ar solvent extraction of oil
from the seed. Factors such as heating time, temperature and feed flow rate are
important to optimize the conditions for ruminal protection. A poor combination
of these factors may overprotect a protein so that it is neither fermented in the
rumen nor digested i1n the small intestine.

Nutrient 1ntake and body stores have a tremendous influence on peak
lactation and persistency of lactation in dairy cows. Broster and Strickland (1977)
demonstrated that with every kilogram increase in peak milk production, milk

yleld during the entire lactation period increased by 200 kg. Protein often-times
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becomes a limiting nutrient i1n early lactation, especially with high producing
cows. Increasing total protein percentage of the diet in early lactation, has not
always increased milk production. The amount and type of protein, genetic
potential of cows and management factors could certainly affect response
(Foldager and Huber, 1979).

The objective of our study was to measure ruminal escape of feed nitrogen
in diets containing commercially prepared regular and more extensively heated

soybean meal.
Materials and Methods

Soybean meals prepared by the flash desolventizing system and classified
according to protein dispersibility index (PDI) were obtained from a commercial
manufactureri. PDI is a measurement of the degree of heat treatment as
described by A.O.C.S. (1969). The lower the PDI value the greater the heat
treatment. More extensively heat treated soybean meal (HSBM) with a PDI of 10
and regular soybean meal (CSBM) with a PDI of 40 were fed 1n a ruminal nitrogen
escape study to measure the amount of feed nitrogen that escaped degradation in
the rumen. Diets were formulated to provide 1.68 Mcal net energy for lactation
(NE)) per kg of dry matter (Table 1). Soybean meals (SBM) comprised 31% of the
total concentrate mixture used in the study (Table 2) and protein from SBM
accounted for 61 per cent of the total protein intake. Diets were formulated to

meet National Research Council (NRC, 1978) feeding standards. Diet dry matter

consisted of 60% grain mix, 28% sorghum silage and 12% prairie hay.

1rarmiand Industries, St. Louis, MO.
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Prior to initiation of the study, five mature cows (four Holstein and one
Ayrshire) approximately 546 kg were fitted with T-type cannulas in the duodenum
proximal to the bile duct. These lactating cows were used to estimate the amount
of feed nitrogen escaping ruminal degradation under typical production
parameters. Post-calving, cows were adjusted to diets with a 60:40 concentrate
to forage ratio and were continued on diets with this percentage of concentrates
throughout the study from week 4 to 22 of lactation.

In a replicated crossover design as described by Anderson and Mclean
(1974), diets with chromic oxide (.2% of DM) as the indigestible marker were fed
1n equal portions every 8 hours. Cows were fed i1n individual stalls three times
daily (0300, 1100, 1900 hours) and feed weights were recorded daily. Cows were
fed diets 2 wks prior to each two 4-day sampling period. Duodenal and fecal
samples were abtained at 0300, 1100 and 1900 hours on day 4 through day 7 of
each sampling period. To obtain fecal samples, cows were induced to defecate
and the last portion of feces excreted was taken as the sample. On day 4 through
7, approximately 250 ml of duodenal digesta and 250 g wet feces were collected.
Samples from each cow within each sampling period were composited on an equal
wet basis and dried for 48 hours in a 60C forced air oven. Feed samples were
obtained daily for each sampling period and composited within each animal and
period. All samples were ground in a Wiley Mill fitted with a 2 mm screen and
stored for future analysis.

During each period, 1500 to 2000 ml of strained rumen fluid was collected in
an iced flask for bacterial isolation from a rumen cannulated cow fed each
experimental diet for 2 wks prior to sampling. Rumen fluid was strained through 6
layers of cheesecloth, centrifuged at 200 g for 5 min. to remove feed particles and
protozoa. The supernatant fluild was centrifuged at 30,000 g for 15 min to

precipitate bacteria. The pellet was washed twice, once with .9% saline solution
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and once with delonized distilled water and recentrifuged at 30,000 g for 15 min
after each washing. The pellet was then lyophilized and stored for later nucleic
acid analysis.

Each day 10% of the feed weighback was collected and refrigerated during
each sampling period. At the end of each period, feed weighbacks were
composited and sampled. Composite feed and orts samples were dried to a
constant weight at 40C, ground in a Wiley Mill (2 mm screen) and stored for
laboratory analyses. Samples of the concentrate mixtures, sorghum silage and
sudangrass hay also were collected each week and analyzed for dry matter and
total protein. Milk yields were recorded twice daily at 0700 and 1900 hours. Milk
samples were collected for four consecutive milkings each week, compaosited by
volume and analyzed for milk fat and total protein. A Mark II Milk-O-Tester (A/S
N. Foss Electric, Denmark) was used to measure milk fat. Milk protein
percentages were determined during the experimental collection week by the
Kjeldahl method (A.O.A.C., 1975).

Feed, duodenal and fecal samples were analyzed for dry matter (DM; 100C
for 24 hr), ash (600C for 12 hr), Kjeldahl nitrogen (N; A.0.A.C., 1975) and
chromium (Fenton and Fenton, 1979). Ammonia N was measured on the dried,
ground duodenal samples by distilling the sample over magnesium oxide in a
macro-Kjeldahl flask (A.0.A.C., 1975). Lyophilized bacteria and dried duodenal
samples were analyzed for nucleic acid-N by the procedure of Zinn and Owens
(1982). Nucleic acid-N was used as a microbial marker. Daily amounts of non-
microbial DM and N flowing past the duodenal cannula were calculated by
subtracting the microbial contribution from the total. Duodenal organic matter
(DOM) flow, corrected for the microbial contribution, was calculated from the
corrected duodenal DM flow times duodenal organic matter percentage. Data

were analyzed by the general linear models prodecedure of the Statistical Analysis
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System (SAS, 1979), considering soybean meal, cow and period as main effects.

Results and Discussion

Dry matter and crude protein intakes and body weight changes are presented
in Table 3. Dry matter intake averaged 20.2 to 20.4 kg/day and was not
significantly affected by diet. Since treatments were identically formulated
(Table 1) no differences in crude protein intakes were expected. Body welght gain
tended to be somewhat higher on the heat-treated diet. Average daily milk yield,
milk fat, and milk protein for the treatments ranged from 24.9 to 25.0 kg., 3.16 to
3.15% and 3.16 to 3.16%, respectively (Table 4). Production of FCM was almost
identical for cows fed with the two diets.

Ruminal organic matter digestion, both unadjusted and adjusted for
microbial OM contributions, for the two diets was similar (Table 5). The
proportion of organic matter digestion occurring 1n the rumen was slightly lower
for the heat treated diet than the regular soybean meal diet (74.5 vs. 76.3%).
Extents of post-ruminal digestion and total tract organic matter digestion were
similar (37.1 vs. 37.6% and 72.4 vs. 71.5%, respectively). Apparent and true OM
digestibilities indicated that diets were stmilar 1n ruminal fermentability as
expected.

Nitrogen intake, flows and digestibilities were determined with chromiec
oxide as the indigestible flow marker. Amounts of total N microbial N and
ammonia entering the duodenum were similar for both treatments (Table 6). Feed
nitrogen escaping ruminal degradation was slightly higher for HSBM than the
RSBM diet (336 vs. 327 g/day, respectively). Assuming other diet ingredients were
equally degraded 1n the two diets, SBM N escape was increased by 2.8 percentage
units by heat treatment. This change 1s very small. Percentage of nitrogen

digested in the total tract, was slightly lower with HSBM than for CSBM, but
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generally similar to those of Crickenberger et al. (1979), Sachteleben (1980) and
Kung et al. (1983).

Microbial efficiency, g of microbial N/kg OM truly digested 1n the rumen,
was 13.5 and 14.1 for the two groups, and was not affected by soybean meal
treatment. Bacterial efficiencies 1n this study were lower than average values
reported in a review by Stern and Hoover (1979) of 27g of micrabial N synthesized
per kg of OM truly digested in the rumen, though reported values ranged from 10
to 49 g. Goetsch and Owens (1985a) reported mean values of 19.0 to 29.8 g '
microbial nitrogen/kg organic matter truly fermented 1n the rumen.

Digestibilities of N in the total tract were compared to the calculated
digestible protein from the standard relationship (percent digestible protein = .9 x
percent crude protein-3; NRC, 1976) presented 1n Table 6. Calculated values were
extremely close to measured total tract N digestibilities.

None of the nitrogen and organic matter parameters measured were
significantly altered by heat treatment of SBM. The percentage of ruminal escape
of total feed nitrogen was only slightly higher in cows fed extra heat SBM
compared to the control group (58.1 vs. 56.1%). Extra heating of soybean meal
appeared to be ineffective in protecting soybean meal from ruminal degradation.
Availability of the N in the small intestine was not measured, but post-ruminal
digestion was not reduced. Plegge et al. (1982) suggested that roasting decreased
ruminal degradation of soybean meal protein but did not significantly reduce post-
ruminal availability. Ruminal escape estimates for soybean meal from in vivo
experiments have been quite variable ranging from 15 to 61% (Hume, 1974; Zinn
et al., 1981; Loerch et al., 1983b). Most estimates have used surgically altered
animals fed restricted amounts of feed under steady state conditions; thus, the
preceding means may not be applicable to lactating dairy cows. Ruminal pH will

influence solubility and degradability of soybean meal in the rumen (Isaacs and
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Owens, 1972; Wohlt et al., 1973; Loerch et al., 1983a). High levels of corn grain
may reduce pH and increase the amount of regular saybean meal protein escaping
ruminal degradation and may have redued the respon‘se to heat treated SBM in this
experiment.

Based on these data and those of a previous continuous feeding trial, it
appears that the heat-treated soybean meal obtained from Farmland Industries,
St. Louis, MO, for this particular trial was not sufficiently treated to increase the
amount of feed protein escaping ruminal degradation. Nevertheless, the values
obtained on the percentage of feed protein escaping degradation in the rumen of
lactating cows consuming a 60% concentrate ration at the levels achieved in this
trial are of interest. This study provided useful methods and reference points for
future trials in which the extent of degradation of different sources of feed

protein were estimated.
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Table 1. INGREDIENT COMPOSITION AND CHARACTERISTICS OF DIET DRY MATTER

Treatment
| tem IRN® CSBM HSBM

Ingredients, %

Corn, ground 4-21-018 36.57 36.57

Soybean meal (PDI-40) 5-04-60L4 19.2

Soybean meal (PDI-10) 5-04-604 0 19.2

Molasses, cane L-04-696 3.0 3.0

Dicalcium phosphate 6-01-080 .6 .6

Limestone 6-02-632 .6 .6

Salt, trace mineralb --- .03 .03

Sorghum silage 3-04-468 28.0 28.0

Prairie hay 1-03-185 12.0 12.0
Protein, % of DM 17.6 17.6
Solubility of SBM=N in .15 M NaCl 19.3 11.2
NE_ (Mcal/kg of DM), calculated ]1.68 1.68

2

a .
International reference number.

bMorton Salt Co., Chicago, IL 60606; contained, as a percentage;

NaCl not more than 97%, not less than 92%.
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Table 2. INGREDIENT COMPOSITION AND CRUDE PROTEIN CONTENT OF CONCENTRATE

DIETS®
b Treatment
l tem IRN CSBM HSBM
Ingredient, %
Corn, ground 4-21-018 61.05 61.05
Soybean meal PDI-40 5-04-604 31.45 -—-
Soybean meal PDI-10 5-04-604 -— 31.45
Molasses, cane L-04-696 5.0 5.0
Dicalcium phosphate 4-01-080 1.0 1.0
Limestone 6-02-632 1.0 1.0
Salt, trace mineral® -— .05 .05
Crude protein, % 23.4 23.2

aDry Matter Basis.

International reference number.

“Morton Salt Co., Chicago, IL 60606; contained, as a percentage;

NaCl not more than 97%, not less than 92%.



Table 3. RESPONSES OF COWS FED REGULAR AND HEAT TREATED SOYBEAN MEAL
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Treatment
I tem CSBM HSBM SE
Number of observations 10 10
Feed Intake
Dry matter, kg/day ©20.2 20.4 .23
Total protein, kg/day 3.6 3.6 .05
Protein, % of DM 17.8 17.6
Weight change, kg/day 0.7 1.6 .63




Table 4. YIELD AND COMPOSITION OF MILK OF COWS
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Treatment
ltem CSBM HSBM SE
Milk, kg/day 24 .9 25.0 .81
Fat, % 3.16 3.16 .04
Protein, % 3.16 3.16 .04
FcM?, kg/day 21.4 21.5 .39
Milk/feed DM 1.23 1.23 -——

qeM =

0.4 (kg milk/day) + 15 (kg fat/day).
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Table 5. ORGANIC MATTER DIGESTION IN COWS FED REGULAR AND HEAT TREATED

SOYBEAN MEAL

Treatment
I tem CSBM HSBM SE

Intake, g/d 18784 18966
Leaving abomasum, g/d

Total 8405 8832 280.7

Non-microbial 7243 7643 244 .2
Ruminal digestion, %

Unad jus ted 55.0 53.3 1.2

Adjusted 55.0 52.5 1.2
Ruminal digestion

% of total 76.3 74.5 1.6
Feces, g/d 5188 5337 101.9
Post-ruminal digestion % of input 37.1 37.6 1.7
Total tract digestion, % 72.4 71.5 0.5




Table 6. NITROGEN (N) DIGESTION IN COWS FED REGULAR AND HEAT TREATED SOYBEAN MEAL

Treatment
I tem CSBM HSBM SE P

Intake, g/d

Total 578 577

SBM-N 353 352
Leaving abomasum, g/d

Total N 453 .2 L67.6 14.5 .62

Microbial N 99.8 102.9 3.6 .67

Ammonia 26.4 28.7 0.9 .24

Non-ammonia, non-microbial 327.0 336.0
Feed N Bypass, % 56.1 58.1 1.48 .68
Ruminal digestion, %

Unad jus ted 21.8 18.7 1.9 42

Adjusted? 34.7 31.8 1.7 ko
Microbial efficiency, g

Microbial N/kg OM truly digested

in rumen 14.1 13.5 .3 42

Ruminal digestion, % of total 30.2 26.7 2.6 .50
Feces, g/d 166.8 172.9 3.8 .43
Post-ruminal digestion, % of input 62.7 62.1 6.3 .75

46



Table 6 (Continued)

Treatment
| tem CSBM HSBM SE
Total tract digestion, % 71.3 69.8 0.5
Expected total digestionb, % 73.2 73.0
aAdjusted for microbial and ammonia nitrogen.
bCalculated as % digestible protein = [.9 (% crude protein) -3]/% crude protein.

13



CHAPTER VII

SOYBEAN MEAL N RUMINAL ESCAPE, TURNOVER RATE AND
IN SITU DISAPPEARANCE IN LACTATING COWS
FED DIETS AT TWO CONCENTRATE

TO FORAGE RATIOS
Summary

Diets with two concentrate to forage ratios, with or without feed grade
soybean meal (SBM) were fed to six lactating dairy cows with duodenal T-type
cannulas 1n a 2 x 2 factorial design. SBM labeled with Yb was used to predict SBM
passage rate. Using the In situ dacron bag procedure, dry matter (DMD) and
nitrogen disappearance (ND) rates were measured in the rumen of a cannulated
cow. Diets consisted of concentrate with SBM or urea, sorghum silage and alfalfa
hay with concentrate at 65 and 35% of diet dry matter. Dry matter intake ranged
from 16.2 to 18.4 kg/day while milk yield ranged from 19.3 to 23.1 kg. Of the SBM
nitrogen fed, 46 and 18% escaped ruminal digestion with 65 and 35% concentrate
diets. Post-ruminal N digestion (% of input) ranged from 62 to 75%. Rumen
turnover rates for SBM were 8.7 and 8.3%/h for 65 and 35% concentrate diets.
Logarithmically estimated degradation rates of SBM nitrogen were 5.3 and 10.7
for the 65 and 35% concentrate diets, respectively while N solubility 1n saline was
9.8%. Predicted SBM nitrogen escape, base on these passage and degradation
rates and solubilities were 56.1 and 39.3 for the 65 and 35% concentrate diets,

respectively.

(Keywords: Soybean meal, Nitrogen, Escape, Ruminants.)

96
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Introduction

Estimates from in vivo trials of soybean meal (SBM) nitrogen escaping
ruminal degradation range from 10 to 61% (NRC, 1985). Some of this variation is
due to differences in choice of inherent and microbial markers as well as to the
method of calculation. Escape can be estimated by regression or by comparison
with a basal diet which may or may not be 1socaloric and isonitrogenous with the
test diet. Application of a single escape estimate to formulate diets for dairy
cattle remains tenuous due to this variation. Further, extent of protein
degradation in the rumen 1s not a constant but has been shown to vary with dietary
factors (dry matter intake and feed particle size) which in turn alter ruminal pH
and passage rate (Weakley, 1983). Estimates of the amount of SBM nitrogen
escaping ruminal degradation with one exception were derived from trials with
steers or lambs. The only dairy cow trial by Goetsch and Owens (1985) estimated
35% ruminal protein escape of SBM but was based on an assumed escape value for
corn grain.

The two factors which dictate how much protein escapes degradation are
residence time of feed protein in the reticulo-rumen and rate of proteolysis.
Proteolytic rate can be estimated by in situ procedures, but retention time of
soybean meal in the rumen of lactating cows needs to be determined in vivo to
estimate protein escape. Passage rates of SBM were estimated at 8.4%/h (Erdman
et al., 1984) in dairy cows fed a 50% concentrate diet, and 3.2%/h and 4.1%/h
(Teeter, 1981) in steers fed a 84% concentrate and 10% concentrate diet. In situ
estimates of escape have proven useful previously to predict escape (Zinn and
Owens, 1983). Escape values (E = l<p/(l<p + kg) were calculated by combining rates

of passage (kp) and digestion (k) with and without substraction for soluble N.
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The objectives of this study were to directly estimate the fraction of
soybean meal protein which escaped ruminal degradation and compare this with

estimates based on 1n situ digestion and ruminal turnover rates.

Materials and Methods

Two months prior to calving, six dairy cows were surgically prepared with T-
type cannulae in the doudenum proximal to the pancreatic and bile ducts. Cows
were assigned to four treatments in a 2 x 2 factorial design (Snedecor et al.,
1980). Experimental diets consisted of two concentrate to forage ratios; 65:35
and 35:65. Periods lasted 2 wk each with the first 9 d for adaption to diets with
data collection the last 5 d. Twelve days were allocated for adaptation to diets
when the concentrate to forage ratio was changed.

Diet ingredients consisted of a concentrate mixture, alfalfa hay and sorghum
silage (Table 1). Ingredients were selected to typify those ingredients used under
practical management conditions. The concentrate mixture consisted of ground
corn plus either soybean meal that had been processed 1n a conventional manner or
urea plus corn starch (Table 2). Of the total N i1n SBM, 9.8% was soluble in .15N
saline solution. Diets were formulated so that the percentage of corn remained
constant between test diets. Formulation of diets in this manner permitted
soybean meal escaping ruminally degradation to be estimated by difference.

Concentrate, alfalfa hay and sorghum silage were fed to cows as a complete
mixture at 0400 and 1800 hours each day. Chromic oxide was added to the
concentrate portion of the diet at levels to be equal to .2% on a dry matter basis
of the total mixed ration to provide a digesta flow marker. Indigestible neutral
detergent fiber (INDF) was used as a marker to calculate duodenal digesta flow of
organic matter and nitrogen (Goering and Van Soest, 1970). Each day, 10% of the

feed weighback was collected and refrigerated. Composite feed and orts samples
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were dried to a constant weight at 40C, ground in a Wiley mill (2 mm screen) and
stored for laboratory analyses. Samples of the concentrate, sorghum silage and
alfalfa hay also were collected each week and analyzed for dry matter and total
protein. Milk yields were recorded twice datly at 0600 and 1800 hours. Milk
samples were collected for four consecutive milkings each week, composited by
volume and analyzed for milk fat and total protein. Milk fat content was
determined using a Mark II Milk-O-Test (A/S N. Foss Electric, Denmark). Milk
protein percentages were determined during each collection period by the Kjeldahl
method (A.0.A.C., 1975).

Duodenal and fecal samples were collected at 0600, 1000 and 1400 hours
from each cow for three and five consecutive days, respectively. Approximately
250 ml of duodenal digesta and 250 g wet feces were collected each day. To
obtain fecal samples, cows were induced to defecate and the last portion of the
feces excreted was taken as the sample. Samples from each cow within each
sampling period were composited on an equal wet basis and dried for 48 h in a 60C
forced air oven. Feed, duodenal and fecal samples were analyzed for dry matter
(DM; 100C for 24 h), ash (600C for 12 h), Kjeldahl nitrogen (N; A.0.A.C., 1975)
and chromium (Fenton and Fenton, 1979). Ammonia N was measured on the dried,
ground duodenal samples by distillation over magnesium oxide in a macro-Kjeldahl
flask (A.0.A.C., 1975).

A rumen fistulated cow was randomly assigned to a treatment sequence of
the diets used in the experiment. During each period, 1500 to 2000 m! of strained
rumen fluid was collected for isolation of bacteria. Rumen fluid was centrifuged
at 200 g for 5 min. to remove feed particles and protozoa. The supernant fluid
was centrifuged at 30,000 g for 15 min. to precipitate bacteria. The pellet was
washed once with .9% saline solution and once with deionized distilled water and

recentrifuged at 30,000 g for 15 min. after each washing. The pellet was then
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lyophilized and stored for analysis of total N and for nucleic acid-N by the
procedure of Zinn and Owens (1982).

On day two of each collectiaon period, the rumen cannulated cow was used to
evaluate 1n situ digestibility of individual diet components (alfalfa hay, sorghum
silage and SBM) using a dacron bag procedure. Substrate samples weighing
approximately 1 g were placed in 8 x 12 cm bags with pores between 50 to 75
microns in diameter. Bags were constructed from dacron cloth (100% polyester,
R102 Marvelaire White; Erlanger, Blumgart and Co., Inc., 1450 Broadway, New
York, New York 10018) using a single piece of material measuring approximately
8 x 24 cm that was folded in half and double sewn along two of the open edges
with polyester thread. The top was left open for sample insertion into the bag.

Water-proof glue (Duco cement, DuPont Co., Wilmington, DE 19898) was
applied to the stitched area to prevent loss of small particles through the needle
holes. All cut edges were singed with a hot knife to prevent fraying in the

2. Prior

rumen. The constructed bags had a surface area of approximately 192 ecm
to filling, bags were machine washed and dried for 24 h at 100C, cooled in a
dessicator and weighed. After addition of samples, bags were tied with nylon
yarn. Bags were 1ndividually tied to the end of a 60 cm yarn line and grouped by
time. Individual bags were labeled with a waterproof marker. Approximately 5
cm from the end of the line, a 30 g steel nut was tied to weight the bags down.
Sample bags in duplicate were incubated in the ventral sac of the rumen.
Bags were introduced at the same time and withdrawn at respective intervals to
standarize time after feeding effects. Bags were washed under a stream of tap
water (approximately 26C) until the rinsing water was clear. Washing time
averaged approximately 150 sec/bag. Bags were dried in a forced air oven for 48

h at 60C, cooled 1n a dessicator and weighed. Bag contents were analyzed for

total N by Kjeldahl procedure (A.0.A.C., 1975).
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On day 5 of each collection period, 250 g of soybean meal labeled with
ytterbium as described by Teeter (1982) were fed to each intestinally cannulated
cow. Starting 12 h post feeding, approximately 400 ml of duodenal digesta was
collected every 12 h for 2 d. Duodenal samples were analyzed for Yb according to
Ellis (1982). On day 7 of the collection period, approximately 250 mls of rumen
fluild was collected by stomach tube from each intestinally cannulated cow.
Samples were acidified with sulfuric acid and analyzed for ammonia (A.O.A.C.,

1975).

Results and Discussion

Laboratory and In Situ Analyses

In situ nitrogen disappearance (ND) for soybean meal, alfalfa hay and
sorghum silage (Table 3) tended to be higher when the low concentrate diet was
fed (DM and ND plots of feed substrates are presented in Appendix B). Protein
content and diet composition presumably altered the ruminal flora or fauna
enough to alter rate of disappearance. Generally, in situ disappearance of plant
protelns is greater with roughage than with concentrate diets (Weakley, 1983).

Alfalfa hay N and DMD were variable across experimental diets (Table 3).
Miller (1982) and Barrio (1984) reported similar values for DM and N
disappearance at 24 h. Disappearance of N and DM from soybean silage were
lower with the 65% concentrate than the 35% concentrate diet. In contrast,
Barrio (1984) reported lower ND and DMD of sorghum silage with a 60%
concentrate diet than for a 80% concentrate diet. Analytical problems associated
with micrabial attachment to feed complicated estimation of ND at 24 h. Why
the sorghum silage ND and DMD were higher with the 35% than the concentrate
diet are presumably not due to pH since ruminal pH 1n this study was similar for

the two diets (6.8 versus 7.0).
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Ruminal passage rates for soybean meal labeled with ytterbium ranged from
7.9 to 8.7%/h. This is higher than the 4.9%/h reported by Stern et al. (1983) for
lactating dairy cows ad libitum fed a basal diet of 60% alfalfa hay and 40%
concentrate (Table 4) but similar to an estimate of 8.4%/h from Erdman et al.
(1984). They fed lactating cows diets containing 30% corn silage, 10% alfalfa
haylage, 10% alfalfa hay and 50% concentrate (DM basis). The SBM ruminal
passage rate 1n the present trial tended to be higher with the high concentrate
diet than with low concentrate diet, means were not statistically different
(P >.95).

Rates of ND from soybean meal 1n situ tended to be higher if SBM was
included 1n the diet. Loerch et al. (1983) also reported that ND from SBM in situ
was greater with SBM in the diet. This may reflect microbial adaption to degrade
SBM or overall changes in microbial activity in the rumen with SBM in the diet.

One can predict ruminal escape of N from SBM using the equation

E = kp/lkpy + kg)

where kp and kg are fractional passage and digestion rates. Using values from
Tables 3 and 4 as applied to total N in SBM, predicted escapes values are 62 and
44%. If soluble N of SBM 1s deducted prior to calculations, predicted escape

values are 56 and 39%, respectively.
In Vivo Trial

Mean dry matter (DM) intake ranged from 16.2 to 18.4 kg/day for the
treatment groups (Table 5). DM intake was highest (P < .01) for cows receiving the
low concentrate level with urea supplementation. DM intake may have been

higher to compensate for the lower crude protein content and caleric density of
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the diet. Body weight gain tended to be greater with the high concentrate diets.
Ruminal ammonia levels tended to be higher with the lower concentrate diets and
with soybean meal in the diet. Added corn starch may have increased ammonia
use by ruminal microbes and decreased ammonia concentrations in the rumen.

Mean daily milk yield, milk fat and milk protein for the experimental diets
ranged from 19.3 to 23.1 kg, 3.7 to 3.8% and 3.4 to 3.8%, respectively (Table 6).
Mean milk yield tended to be higher in the high concentrate diets reflecting the
higher protein and caloric density of these diets versus the low concentrate
diets. FCM production was higher for cows fed the 65% than for those fed the
35% concentrate diet (P >.02).

Duodenal flow of OM was variable across diets (P > .37) and non-microbial N
flow reflected treatment OM intakes (Table 7). Post-ruminal digestion as a
percentage of duodenal flow was greater with the 65% concentrate diets (P <.01).
Total tract OM digestion using chromic oxide as the digesta flow marker, tended
to be higher for the high concentrate diets. Yet, total tract digestibilities were
lower than anticipated for these diets and tended to be lower than values reported
by Goetsch and Owens (1985).

Ruminal digestion of OM averaged 48%, higher than many values reported 1n
previous studies. OM digestion 1n the stomach as a percentage of OM of intake in
a study by Stern et al. (1985) was 30 *4% and similar digestibilities were reported
by Santos et al. (1984) with lactating cows. Kung et al. (1983) observed very low
estimates of OM digestion (OMD) 1n the rumen (4 to 26% of OM intake) using La
as an indigestible marker. When acid detergent lignin flow was used to calculate
ruminal OMD, estimates ranged from 36 to 43% of OM intake. Kung et al. (1983)
reported true OMD in the reticulo-rumen based on La was 27 + 4 and based on acid

detergent lignin as a marker was 48%.
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In most studies with intestinally-cannulated cows, daily dry matter intakes
reported have been restricted 6 to 10 kg. Such values are low for lactating dairy
cows. Santos et al. (1984) observed higher daily intakes (14 to 16 kg). Sutton and
Oldham (1977) and Hvelplund et al. (1976) concluded that as feed intake increases,
the flow of digesta through the forestomachs increases which reduces the portion
of OM digested in the rumen. When daily DM intakes increased from 8.2 to 12.9
kg in dairy cows fed hay and concentrates, OM disappearance in the rumen
dropped by 4 percentage units (Tamminga et al., 1979).

Nitrogen duodenal flow and digestibility were calculated based on INDF as
the digesta flow marker. Total N intakes reflected the differences in diet
formulations (Table 8). To determine the amount of soybean meal escaping
ruminal degradation, urea plus corn starch was substituted for soybean meal at
each concentrate level. To help prevent urea toxicity, total N in the urea diet
was slightly lower than in the SBM diets. Enough urea was added to the diets to
maintain adequate N for micrabial synthesis. Based on bacterial composition from
rumen fluid of cows fed the experimental diets, N levels appeared to be adequate
(Table 9). Both chemical composition and microbial efficiency (g N per kg OM
truly digested in the rumen) were not significantly altered by diet (P > .51).
Bacterial efficiencies were similar to those reported by Stern and Hoover (1979)
and Goetsch and Owens (1985).

Non-ammonia non-microbial nitrogen passage to the duodenum tended to be
greater with dietary SBM and with the 65 than the 35% concentrate diets P>.21).
These reflect the difference in dietary protein escaping degradation in the
rumen. Post-ruminal digestion (% of duodenal flow) tended to be higher with the
65% concentrate diets. Based on the differences in N flow leaving the abomasum
between diets supplemented versus not supplemented with SBM, 45.9% and 18.0%

of the SBM protein escaped ruminal degradation with the 65 and 35% concentrate
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diets. These values are higher than those reported by Weakley (1983), i.e., 20.4 vs
13.8% for 80 and 40% concentrate diets, respectively. He assumed ruminal escape
of corn protein to be 60% for calculation purposes, whereas In this trial, soybean
protein ruminal escape was estimated directly since corn protein was constant
within diets compared. Zinn and Owens (1983) observed SBM bypass values of 24
and 43% with 40 and 80% concentrate diets, again assuming corn protein escape
value of 60%. In our study, increasing concentrate level from 35 to 65% 1ncreased
ruminal escape of SBM nitrogen by 155%.

In a review by Schingoethe (1984), values of ruminal degradability of soybean
meal were reported from 40 to 70%. Early investigations of Hume (1974) and
Laughren (1978) reported ruminal escape values of soy protein of 61 and 32%,
respectively. Though these estimates have been obtained in sheep studies and
differences in terms of particle retention time in the rumen and chewing
differences between sheep and cattle may lLimit the value of these data for
extrapolation to cattle. Using regression techniques Stern and Satter (1982)
estimated soybean meal protein escape in the rumen to be 35%. In other
investigations using nitrogen disappearance data from dacron bags and a rate of
pasage study, the estimate of soy protein escape was 38% on a 60% forage: 40%
concentrate diet (Stern et al., 1983). The diet was not fed as a total mixed ration
and .45 kg of soybean meal was fed at each feeding. The degradability estimates
may be biased due to the method in which soybean meal was added which 1s
different than under typical production conditions.

Most previous ruminal escape values for SBM have been confounded by other
dietary protein sources. Though these values differ from other studies, these are
more direct estimates of the amount of soybean meal protein escaping ruminal
degradation at two concentrate to forage ratios than have previously been

determined. Using nitrogen disappearance measurements from our dacron bag
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study 1n conjunction with rate of passage data for soybean meal, SBM protein
ruminal escape estimates were 62.2% for 65% concentrate and 43.7 for 35%
concentrate diet versus 45.9 and 18% for 1n vivo estimates. Further research with
lactating dairy cows with SBM and other high quality protein sources estimating
ruminal escape are needed. Few estimates are available for high producing cows
fed diets varying the forage to concentrate ratios and dry matter intakes. Using
single constant values for ruminal escape of dietary soybean meal is imprecise.
Adjustments for concentrate level and feed intake level need to be considered

when using escape estimates in diet formulation.
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Table 1. COMPOSITION OF DIET USED IN SBM NITROGEN RUMINAL ESCAPE

EXPERIMENT
Percent concentrate diet
65 35
ltem IFN 1 2 1 2
--------- (%, dry matter)=-=--=-----
Ingredient
Sorghum silage 3-04-468 17.5 17.5 32.5 32.5
Alfalfa hay, chopped 1-00-063 17.5 17.5 32.5 32.5
Concentrate (Table 2) 65 65 35.0 35.0
Crude protein 14.6 12.9 14.5 12.4
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Table 2. COMPOSITION OF CONCENTRATE PORTION OF DIETS USED IN SBM NITRO-
GEN RUMINAL ESCAPE EXPERIMENT

Percent concentrate in diet

65 35
I tem IFN® ] 2 1 2
Ingredient ~  ==eeeeaa- (%, dry basis)========-
Corn, ground 4-21-018 70.0 70.0 60.0 60.0
Soybean meal 5-04-604 18.0 -- 28.0 --
Cornstarch --- -- 16.0 -- 25.5
Cottonseed hulls 1-01-599 4.0 4.0 4.0 4.0
Urea 5-05-070 -- 2.0 -- 2.5
Molasses, cane L-04-696 5.0 5.0 5.0 5.0
Dicalcium phosphate 6-01-080 2.0 2.0 2.0 2.0
Salt, trace minera]b 1.0 1.0 1.0 1.0
Chromic oxide 2.0 2.0 2.0 2.0
Crude protein 16.2 13.7 20.0 14.2

a .
International reference number.

bMorton Salt Co., Chicago, IL 60606; contained, as a percentage:
NaCl - not more than 97.0%, NaCl - not less than 92.0%, Manganese - not
less than .250%, Iron - not less than .200%, Sulfur - not less than .030%,
Copper - not less than .033%, Cobalt - not less than .0025%, lodine - not
less than .007%, Zinc - not less than .005%.



Table 3. DISAPPEARANCE OF SOYBEAN MEAL, ALFALFA HAY OR SORGHUM SILAGE FROM DACRON BAGS IN RUMEN OF COW FED
EXPERIMENTAL DIETS

Percent concentrate in diet

Exposure 65 35
Time, hr 1 2 1 2
--------------------------- Y
DM disappearance, % 3 .4 L4o.6 42.5 .5
6 L6 .9 46 .4 Ly 3 47.0
12 61.6 67.3 61.1 64 .1
24 85.2 83.5 80.1 93.3
Residue slope,
%/hy - 2.11 - 2.07 - 1.87 - 2.51
%/h - 6.70 - 6.28 - 5.27 -10.62
N disappearance, % 3 33.10 27.5 29.6 36.3
6 43.6 33.9 50.0 37.4
12 56.0 L6.7 55.6 64.8
24 78.3 62.5 92.9 80.8
Residue slope,
%/hy - 2.08 - 1.65 - 2.78 - 2.25
%/h - 5.29 - 3.15 -10.71 - 6.04
Alfalfa hay
DM disappearance, % 12 52.4 58.0 50.2 51.9
24 64.4 71.1 65.5 65.5
48 70.6 72.2 69.6 72.7
Residue slope,
%/h2 - b7 - .34 - .49 - .54

o /hP - 1.26 - 1.01 - 1.15 - 1.9

601



Table 3 (Continued)

Percent concentrate in diet

Exposure
Time, hr 2

------------------------ SBM ========m=mmmmmmmeeeee

N disappearance, % 12 67.0 66 80.67
24 75.5 84 85.8

48 76.6 88 89.4

Residue slope,
%/h° - .2k - . - .23
%/h - 2.07 - 2. - 1.33
Sorghum silage

DM disappearance, % 12 36.0 50. 51.9
24 39.3 65. 65.5

Residue slope, L8 43 .4 69. 72.7
%/hg - .20 - . - .54
%/h - .33 - 1. - 1.49

N disappearance, % 12 58.0 66. 80.7
24 71.1 84 . 85.8

48 72.2 88.0 82.4

Residue slope,
%/hp - .34 - . - .58
%/h - 1.01 - 2.60 - 1.9
a, . b . .
Linear Logari thmic

oLl
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Table 4. RUMEN TURNOVER RATE OF Yb LABELED SBM IN COWS FED EXPERIMENTAL
DIETS

Percent concentrate in diet

65 35

Rate, %/h 8.7 8.6 8.3 7.9 A .95




Table 5. RESPONSES OF COWS FED EXPERIMENTAL DIETS

Percent concentrate in diet

65 35
ltem 1 2 1 2 SE P
Dry matter intake, kg/day 16.6 16.2 16.7 18.4 .37 .01
Protein, % of DM 14.9 13.3 15.7 13.6
Total protein intake, kg/day 2.47 2.16 2.62 2.51 .06 .01
Weight change, kg/day .6 8 .2 1 .35 .83
Ruminal NH_-N, mg/d]l 8.6 5.7 11.7 7.8 1.2 )

3

cll
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Table 6. MILK YIELD AND CHEMICAL COMPOSITION IN COWS FED DIETS AT TWO
CONCENTRATE TO FORAGE RATI0S WITH OR WITHOUT SBM

Percent concentrate in diets

65 35
| tem 1 2 1 2 SE P
Milk, kg/day 23.1 21.0 19.8 19.3 A 61
Fat, % 3.7 3.7 3.7 3.8 B .9k
Protein, % 3.5 3.4 3.7 3.7 A .38
Fcme 21.7 20.1 18.7 18.8 .6 .02

3FCM = 0.4 x kg milk/day + 15 x kg fat/day.



Table 7. ORGANIC MATTER DIGESTION IN COWS FED DIETS AT TWO CONCENTRATE TO FORAGE RATIOS WITH OR WITHOUT SBM

Percent concentrate in diet

65 35
| tem 1 2 | 2 SE P

Organic matter intake, g/d 15372 15162 15316 16984
Leaving abomasum, g/d

Total 8205 6670 7461 8913 Lksh 4 .37

Non-microbial 5956 4892 5615 6498 320.6 .38
Ruminal digestion, %

Unadjus ted 46.0 53.7 49 1 L2.6 2.6 .24

Ad justed 60.7 65.8 61.8 58.1 1.8 .53
Feces, g/d 6362.6 6812.6 7788.1 8382.7 443 .6 .04
Post-ruminal digestion,

% of input 60.3" 53,778 42.78¢ 48.9° 1.4 .01
Total tract digestion 59.5 55.6 48.6 52.1 2.5 .34

ABCMeans in a row with different superscripts differ (P < .05).

aAdjusted for microbial contribution.

fll



Table 8.

NITROGEN (N) DIGESTION IN COWS FED DIETS AT TWO CONCENTRATE TO FORAGE RATIOS WITH OR WITHOUT SBM

Percent concentrate in diet

65 35
I tem 1 SE P
Intake, g/d

Total 374.7 321.5 4oo.7 365.6

SBM 142.9 0 123.3 0
Leaving abomasum, g/d

Total 393.3 272.6 336.1 374.5 23.5 .32

Microbial N 206.9 154.4 163.1 204 .1 12.5 .35

Ammonia N 22.8 20.3 21.3 S I 3.4 14

Non-ammonia, non-microbial 163.6 98.0 151.6 129.4 4.9 .21
Ruminal digestion, %

Unadjustgd 1.0 - 17.2 - 15.6 - 1.0 5.5 .54

Adjusted 59.2 69.7 62.4 64.6 2.7 .57

SBM escape, % k5.9 18.0
Microbial efficiency, gN/kgOM 24 .1 17.4 18.7 23.2 1. .51
Feces, g/d 192.4 184.6 232.4 233.1 12.9 .06
Post-ruminal digestion,

% of input 74.8 69.4 62.2 66.6 1 .08
Total tract day, % 52.5 46 .5 43.8 43.7 3. .66
Expected total tract N

digestion, % 69.0 67 .4 70.6 68.1

aAdjusted for microbial and ammonia N. bCalc % dig. protein = (.9(%CP)-3)/%CP.

qll
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Table 9. COMPOSITION OF BACTERIA HARVESTED FROM RUMEN FLUID IN SBM
NITROGEN RUMINAL ESCAPE IN EXPERIMENT

Percent concentrate’ in diet

65 35
| tem 1 2 1 2
Bacterial nitrogen, %
of dry matter 7.7 7.26 7.35 7.08

Bacterial RNA-Nitrogen
to total nitrogen 12.8 12.7 12.0 11.6
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-0 03656 O 03335 O 09546 0 07760 O 03078 O 06225 O 06834 O 05178 -0 02798 O 01380 O 02190 -0 04924 -0 01445
O 7816 0 8003 O 4681 0 5556 O 8154 0 6365 O 6038 0 6944 O 8319 0 9161 O 8681 O 7087 0 9128

Correlation coefficients: 44% solvent extracted soybeans
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DMO

DM3

DM 12

DM20

PRTO

FRTa

PRT12

PRT20

PIN

NSOL

WATER

STEAM

FORATE

TEMP

TIME

SAS

CORRLLATION COLFFICIENTS / PROB > |[R| UNDER HO RHO-O / N - 60

TRT DMO DM DM12 DM20

O 07210 L V0907 O 10288 O 06182 O LIt
O 5825 0 9452 0 4341 O 6389 0 6319

FORATE TEMP TIME DM PRT
O 16903 0 118131 O 0OOLOD 0 03656 -0 07210
O 1967 0 2587 1 0000 0 7816 O 5825

-0 00559 -0 26269 O 00000 O 03335 -0 00907
0 9662 0 0426 1 0000 O 8003 0 9452

O 25181 O 15645 O 00000 O 09546 O 10288
0 0524 0 2726 1 0000 O 4681 0 4341

O 57906 O 15453 O 0OVOL O 07760 O 06182
0 0001 O 27383 1 0000 O 5556 O 6389

-0 503161 -0 18915 O 00000 O 03078 O 06311
0 00V1 © 0001 1 0000 O 8154 0 6319

O 30764 O 10233 O 00000 O 06225 O 14204
O 0168 O 4363 1 0000 0 6365 0 2790

O 28236 0 06112 O 00000 O 06834 O 14872
O 0288 0 6427 1 0000 0 6039 0 25G8

0 31517 0 09195 O 000CC O 05178 O 05348
O 0141 O 4847 1 0000 0 6941 O 6849

-0 35292 -0 06623 O 00000 -0 02798 O 07890
0 0057 0 6151 1 0000 O 8319 0 5490

-0 39047 -0 29231 O 00000 O 01390 -0 06024
0 0020 0 0234 1 0000 O 9161t 0 6475

0 61758 0O 14783 O 00000 O 02190 O 08258
O 0001 0 0003 1 0000 O 8681 0 5305

0 00000 -0 22617 O 00000 -O 04924 -0 05125
1 0000 0 0823 1 0000 0 7087 0 6974

0 00000 © 02827 0O 00000 -0 01445 O 05971
1 0000 0 8302 1 0000 0 9128 0 6504

1 00000 O 36752 O 00000 O 03316 O 04037
0 0000 0 0039 1 0000 0O 8014 O 7594

0 36752 1 00000 O 00000 -0 03874 0O 00086
0 0039 0 0000 1 0000 O 7688 0 9948

0 00000 0 00000 1 00000 O 96446 O 93103
1 0000 1 0000 0 0000 0 0001 0 0001

Correlation coefficients:

o}

PRTO PRT4 PRT 12 PR120 PIN NSOL WATER

14201 O 131872 0O 05318 O 07890 O 06021 O 08258 O 05125
0 2790 O 2568 O 6819 0 5490 0 6175 0 5305 0 6974

44% solvent extracted soybeans

STEAM

O 05971
0 6504

Il



FDRATE
DM O 03316
O 8014
PRT 0 04037
O 7594

TEMP

-0 03874
O 7688

0 00086
O 9948

SAS

CORRELATION COEFFICIENTS / PROB > |R] UNDER HO RHO=0 / N = 60

T1ME

0 56446
0 0001

0 93103
0 0001

[}

1 00000
0 0000

0 95022
O 00Ot

PRI

0 95022
0 0001

1 00000
0 0000

Correlation coefficients:

44% solvent extracted soybeans
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APPENDIX B

DRY MATTER DISAPPEARANCE AND NITROGEN
DISAPPEARANCE PLOTS OF FEED
INGREDIENTS STUDIED IN
CHAPTER VII
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TRT 1 = 65% conc diet

with SBM

TRT 2 = 65% conc diet
with urea

TRT 3 = 35% conc diet with
SBM

TRT 4 = 35% conc diet with
urea
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PLOT OF ND*TIME SYMBOL IS VALUE OF TRT

ND
TRT 1 = 65% conc diet 100+
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TRT 1 = 65% conc diet
with SBM
ND
TRT 2 = 65% conc diet 100
with urea
90
TRT 3 = 35% conc diet
with SBM 80
TRT 4 = 35% conc diet 70
with urea
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Plot of disappearance values
mental diets
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PLOT OF ND*‘DM SYMBOL IS VALUE OF TRT

90 +
TRT 1 = 65% conc diet with 3
SBM 3
a
80 + 4
TRT 2 = 65% conc diet with
urea 2
70 + 2
TRT 3 = 35% conc diet with ND 1 3
SBM
60 +
. . 2
TRT 4 = 35% conc diet with
urea
50 +
1
40 +
1
30 + .
i e e i e ol SN SRRt NPt S R PR U U
30 33 36 39 42 45 48 S1 54 57 60 63 66 69 72
(B1Y]
NOTE 1 OBS HIDDEN

Plot of disappearance values for sorghum silage from dacron bags in rumen of cow fed
experimental diets

16l



PLOT OF DMYTIME SYMBOL IS VALUE OF TRT

TRT 1 = 65% conc diet with DM .
SBM 70 + 3
TRT 2 = 65% conc diet with 3
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PLOT OF DM*TIME SYMBOL IS VALUE OF 1RT
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Plot of disappearance values for alfalfa hay from dacron bags in rumen of cow fed experi-
mental diets
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TRT 1 = 65% conc diet
SBM

TRT 2 = 65% conc diet
urea

TRT 3 = 35% conc diet
SBM

TRT 4 = 35% conc diet
urea
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PLOT OF ND*DM SYMBOl IS VALUE OF TRT
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